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FOREWORD 

This  project  was  accomplished  as  part  of  the  U.S.  Army  Aviation  Research  and  Development 
Command  Manufacturing  Technology  program.  The  primary  objective  of  this  program  is  to 
develop,  on  a  timely  besis,  manufacturing  processes,  techniques  and  equipment  for  use  in 
production  of  Army  materiel.  Comments  are  solicited  on  the  potential  utilization  of  the 
information  contained  herein  as  applied  to  present  and/or  future  production  programs. 

Such  comments  should  be  sent  to:  U.S.  Army  Aviation  Research  and  Development  Command, 
Att.:  DRDAV-EGX  4300  Goodfellow  Boulevard,  St.  Louis,  Missouri  63102. 


This  technical  report  describes  the  development  work  concerning  the  radio  frequency  (rf)  cure  of 
epoxy/fiberglass  composites.  The  program  is  being  conducted  with  Government'furnished  equip¬ 
ment  in  cooperation  with  the  U.S.  Army  Materials  and  Mechanics  Research  Center  (AMMRC), 
Watertown,  Massachusetts.  The  report  covers  the  development  work  conducted  under  AMMRC 
Contract  DAAG-46-79-C-0009  for  the  period  19  January  1979  to  19  February  1980.  The 
following  Boeing  Vertoi  Company  personnel  have  contributed  actively  to  the  program  during 
the  contract 

Project  Engineer  Lawrence  C.  Ritter 

Technician  Walter  Lashno 

Development  Mechanic  William  Lentz 


The  contributions  of  Mr.  Walter  Lashno  and  Mr.  William  Lentz  to  this  project  are  acknow¬ 
ledged,  Mr.  Lashno  for  his  assistance  in  preparing  the  laminates,  assembling  the  tooling  and 
operating  the  rf  equipment,  and  Mr.  Lentz  for  cutting  the  prepreg,  making  the  layups  and 
separating  the  cured  laminates. 
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1.  INTRODUCTION 


Present  menufacturing  technology  for  curing  epoxy/fiber  composite  structure  involves  the  use 
of  large  energy  consuming  facilities  (ovens,  autoclaves,  resistant  or  radiant  heaters,  etc.)  which 
entail  costly  Row  times.  The  use  of  direct  dielectric  heating  can  provide,  in  some  instances,  a 
cost  effective  alternate  curing  method.  A  recent  study1  has  shown  that  a  cost  savings  of  75 
percent  can  be  realized  by  the  use  of  radio  frequency  curing  over  conventional  curing  by  con¬ 
duction  heating. 

In  the  basic  principles  applied  to  cure  by  dielectric  heating,  an  alternating  electric  field  causes 
oscillatory  displacements  in  the  charged  components  of  the  dielectric,  the  energy  for  motion 
being  absorbed  from  the  electric  field.2  The  energy  absorbed  by  the  molecules  is  translated 
into  rotational  kinetic  energy  of  the  entire  molecule,  resulting  in  a  temperature  increase. 

The  material  absorbs  energy  at  the  rate  given  by- 

Power  (P)  -  KfE2  A  e'  tan  5  x  1042 
t 


Where 


K  *  Constant  (based  on  units) 
f  •  Frequency  in  megahertz 
E  ■  Field  strength  in  volts 
A  ■  Area  of  material  in  square  inches 
t  *  Thickness  of  material  in  inches 
e  •  Dielectric  constant  of  material 
6  *  Loss  tangent 

This  equation  shows  that  the  heating  effect  is  directly  proportional  to  the  frequency,  directly 
proportional  to  the  square  of  the  applied  voltage  and  directly  proportional  to  the  dielectric 
constant  and  the  loss  tangent3 

The  capacity  of  a  substance  to  absorb  high  frequency  energy  is  described  by  the  term  loss 
tangent;  the  higher  the  loss  tangent,  the  more  energy  absorbed  and  the  greater  the  heating  effect; 
the  lower  the  loss  tangent  the  less  energy  absorbed  and  the  less  the  heating  effect. 

In  most  applications,  the  dielectric  constant  and  the  loss  tangent  are  fairly  constant  over  the 
dielectric  heating  frequency  range,  at  a  fixed  temperature.  Therefore,  a  best  frequency  need 
not  be  sought;  the  desired  heating  rate  is  obtained  by  selecting  a  frequency  range  and  voltage 
for  which  it  is  practical  to  build  equipment  and  for  which  a  suitable  electrode  system  can  be 
designed. 
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Dielectric  heating  acts  below  the  surface  of  a  dielectric  material  and  heats  all  parts  of  the 
volume  simultaneously  with  substantially  greater  speed  and  uniformity  than  conventional 
methods.  Some  advantages  related  to  dielectric  equipment  are: 

1 .  The  energy  can  be  turned  on  and  off  instantaneously. 

2.  It  is  efficient  in  that  it  does  not  throw  off  wasted  heat. 

3.  It  can  be  precisely  and  accurately  controlled. 

4.  It  can  heat  selected  sections  of  a  part,  leaving  other  sections  cool. 

5.  It  is  easy  to  operate,  basically  long  lived  and  requires  little  maintenance. 

The  basic  theory  of  electronic  heating  is  to  change  standard  AC  fine  voltage  to  radio  frequency. 
The  high-frequency  voltages  are  actually  generated  in  a  capacitor-inductor  combination.  Energy 
is  stored  alternately  in  the  capacitor  and  in  the  inductor,  tn  the  capacitor,  energy  is  stored  in  an 
electric  field;  and  in  the  inductor  energy  is  stored  in  the  magnetic  field  of  the  current  flowing 
in  the  inductor.  Current  flowing  in  the  inductor  charges  the  capacitor  to  one  polarity;  when  it 
is  fully  charged  the  current  stops  flowing  and  then  begins  flowing  in  the  opposite  direction 
through  the  inductor  to  charge  the  capacitor  fully  in  the  opposite  direction.  The  vacuum  tube 
acts  as  a  switch  between  the  power  supply  and  the  inductor-capacitor  combination,  switching 
current  from  the  power  supply  at  the  appropriate  times  required  by  the  capacitor-inductor. 

The  high-frequency  voltage,  up  to  tens  of  thousands  of  volts,  is  delivered  through  a  transmission 
line  to  the  work  applicator  fixture.  Figure  1  illustrates  a  high  frequency  generator. 

For  dielectric  heating,  two  ranges  of  radio-frequencies  are  used.  For  most  processes,  a  frequency 
somewhere  in  the  1-200  millions  of  cycles  per  second  (megahertz)  range,  usually  called  high- 
frequency  or  radio  frequency  heating  is  used.  For  a  small  but  increasing  amount  of  work, 
frequencies  above  890  megahertz  (MHz)  called  microwave  heating  are  in  use.  The  fundamental 
relationship  for  electromagnetic  waves, 

Frequency  (MHZ)  x  10*  x  wavelength  (m)  *  3  x  10*  (vel  of  light) 

indicates  decreasing  wavelength  with  increasing  frequency.  The  wavelength  of  30  megahertz 
is  10  meters,  commonly  used  for  high  frequency  heating.  The  wavelength  for  1000  megahertz 
is  0.1  meter  which  is  considered  short  for  a  radio  wave,  and  is,  therefore,  called  a  microwave. 
Equipment  cost  for  microwave  equipment  exceeds  that  of  the  lower  frequency  (80  to  100 
megahertz)  equipment  by  a  factor  of  4  and  operating  costs  are  reported  to  be  some  50  percent 
higher.  Also,  a  greater  health  hazard  exists  with  microwave  equipment  due  to  the  possibility 
of  radiation  leakage.  Manufacturers  must  comply  with  Federal  regulations  covering  radiation 
leakage  to  meet  safety  requirements. 

In  high-frequency  heating,  the  material  to  be  heated  is  usually  placed  between  two  electrodes. 
When  high  frequency  energy  is  applied  to  the  electrodes,  the  material  between  the  electrodes 
is  heated  uniformly  throughout  its  volume.  In  microwave  heating  the  energy  is  applied  by 
horns  or  waveguides,  and  its  effect  decreases  to  a  negligibly  low  value  at  some  point  below  the 
surface,  the  depth  of  the  penetration  depending  on  the  frequency  and  on  the  material  being 
heated.  Due  to  the  nature  of  the  microwave,  auxiliary  devices  (propellers,  waveguides)  are 
required  to  disperse  the  energy  and  guard  against  localized  heating  in  the  load  or  "hot  spots". 
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ELECTRIC  FIELD 


2.  The  vacuum  tuba  acts  as  a  switch  between  the  power  supply  and  this  inductor- 
capacitor  combination. 

3.  The  high  voltage  is  delivered  through  a  transmission  line  to  the  work  applicator 
fixture. 


Figure  1.  The  High  Frequency  Generator 
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High-frequency  generator)  are  available  in  a  wide  range  of  output  power  ratings,  from  about 
50  watts  up  to  many  hundreds  of  kilowatts.  Equipment  delivering  2  or  3  kilowatts  can  be 
obtained  up  to  200  or  300  megahertz;  25  kilowatts  at  100  megahertz  and  100  kilowatts  at 
30-40  megahertz.  Microwave  generators  can  be  had  at  900  to  2500  megahertz  with  outputs  up 
to  25  kilowatts. 

An  important  consideration  in  the  1  to  100  megahertz  heat.’ng  is  that  the  field  is  concentrated 
between  the  electrodes  and  virtually  all  of  the  heating  takes  place  in  this  area.  This  is  an  im¬ 
portant  difference  from  microwave  heating  in  which  ultra  high  frequency  electrical  energy,  at 
frequencies  typically  25  times  as  high  as  this  100  megahertz  energy,  is  generated  in  a  power 
tube,  conducted  through  concentric  lines  or  waveguides  to  a  cavity  in  which  the  energy  must 
be  contained  to  be  effective  in  heating. 

The  dielectric  curing  process  proposed  by  Boeing  Vertol  Company  pertains  to  passing  a  self- 
contained,  pressurized  tool  containing  the  uncured  epoxy/fiberglass  part,  between  flat-plate 
electrodes  and  through  the  emitted  radiofrequency  field  by  means  of  a  conveyor  belt  as  illus¬ 
trated  in  Figure  2.  The  approach  is  also  compatible  with  the  cure  of  a  part  of  complex 
geometry,  varying  thickness  and  the  use  of  inexpensive  nonmetallic  tooling. 

Based  on  the  Boeing  Vertol  Company  preliminary  investigations  into  rf  curing  in  1973-1974 
and  an  unsolicited  proposed  to  the  U.S.  Army  Aviation  Research  and  Development  Command 
(AVRADCOM)4  the  Army  contracted  for  the  design  and  manufacture  of  a  conveyorized  radio 
frequency  oven. 

The  conveyorized  radio  frequency  20-kilowatt  (90-100  megahertz)  dielectric  heater  was  de- 
designed  and  manufactured  by  the  La  Rose  Associates,  Cohoes,  New  York,  under  Contract 
DAAG46- 76-0064  for  the  U.S.  Army  Aviation  Research  and  Development  Command 
(AVRADCOM),  St  Louis,  Missouri,  under  the  cognizance  of  the  Army  Materials  and  Mechanics 
Research  Center,  Watertown,  Massachusetts.  This  unit  was  delivered  to  Boeing  Vertol  in 
August  1977  and  installed  in  Plant  3,  Building  3-07. 

Specifications  for  the  equipment,  identified  as  Model  20/CV/90,  are  given  in  Table  1. 

La  Rose  Associates  provided  Boeing  Vertol  personnel  the  necessary  equipment  checkout  and 
operational  instruction  under  the  cognizance  of  personnel  from  the  Army  Mechanics  and 
Materials  Research  Center.  The  checkout  test  results  are  presented  as  Appendix  A.  The  con¬ 
veyorized  radio  frequency  oven  is  shown  in  Figure  3. 

Communication  personnel  from  the  U.S.  Army  Communications  Electronics  Engineering 
Installation  Agency,  Fort  Huachuca,  Arizona,  monitored  the  frequency  of  the  rf  equipment 
(September-October  1977),  both  from  inside  Building  3-07  and  at  a  distance  of  2,000  to  3,000 
feet  outside  the  building  for  possible  interference  with  overhead  aircraft  navigational  and 
communication  equipment  and  with  commercial  television  and  radio.  Measurements  taken  with 
the  equipment  in  both  the  load  and  no-load  conditions  indicated  there  was  no  discernible 
interference  through  the  10th  harmonic.  The  results  of  the  survey  are  given  in  Appendix  B. 
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Subsequent  IR&O  work  in  1978,*  by  Boeing  Vertol  ted  to  a  contract  from  the  Army 
Mechanics  and  Materials  Research  Center,  Watertown,  Massachusetts  to  establish  rf  parameters 
for  curing  epoxy /fiberglass  and  to  measure  the  mechanical  properties  of  cured  laminates. 


TABLE  1.  MODEL  20/CV/90  SPECIFICATIONS 


Power  Output 

20  Kilowatts 

Electrode  Area 

22  x  35  Inches 

Electrode  Spacing 

4  to  16  Inches 

Frequency  Range 

72-  106  Megahertz 

Power  Line  Voltage  Required 

Power  Line  Current  Required 

230  or  460  ±  60  Cycle,  3  Phase 

230  volt  operation 

100  Ampere,  3  Phase  (minimum) 

460  volt  operation 

Line  Voltage  Fuses  in  machine 

60  Ampere,  3  Phase  (minimum) 

Plate  Transformer  Fusing 

230  Volts 

100  Amperes 

460  Volts 

60  Amperes 

Control  Transformer  Fusing 

230  Volts 

30  Amperes 

460  Volts 

15  Amperes 

Power  Tube 

(DTHERMALL6-1 

Rectifiers 

(6)  THERMALL  SR  152  (modules) 

Safety 

Panel  Interlock  Switches 

•is 

Overvoltage  Breakdown  Protection 
D.C.  Overload  Protection 

Grounded  Case  and  Frame 

Plate  Current 

4  Amperes  maximum 

Grid  Current 

See  note 

Belt  Speed 

0.5  to  5  feet/minute 

NOTE:  For  ideal  operation  at  3.6  amperes  of  plate  current  the  grid  current  should 
be  575  milliamperes.  Grid  current  meter  is  marked  in  red  below  550  and 
above  800  milliamperes.  The  white  area  of  the  dial  from  550  to  800 
milliamperes  is  the  ideal  operating  range  for  the  grid  current. 


Figure  3.  20-Kilowatt,  90-100  Megahertz  Conveyorized  Radio  Frequency  Oven 


2.  CONTRACT  NUMBER 


DAAG-46-79-C-0009 

3.  PROJECT  TITLE 

CONVEYORIZED  RADIO  FREQUENCY  CURE 
OF  EPOXY/GLASS  COMPOSITES 

4.  DISCUSSION 


4.1  OBJECTIVES 

The  purpose  of  this  work  was  to  develop  a  dielectric  heating  capability  for  curing  fiber  reinforced 
composite  structure.  The  specific  objectives  were  to  develop  optimum  radio  frequency  (rf) 
cure  cycles  for  resin/fiber  composites,  establish  process  parameters  relative  to  feed  rate,  rf  power 
levels,  electrode  spacing,  and  material  thickness  variations. 

4.2  MATERIAL 

The  material  used  in  this  program  was  Scotchply  Type  SP-250-E-33-W-456,  Lot  7,  Jumbo  50, 
Unidirectional,  supplied  in  72  yard  rolls,  6-1/2  inches  wide,  and  manufactured  by  the  Minnesota 
Mining  and  Manufacturing  (3M)  Company,  St.  Paul,  Minnesota.  The  3M  Company  Product 
Manufacturing  Code  for  this  particular  batch  is  W456,  Lot  7,  Jumbo  50.  A  copy  of  the  3M 
Affidavit  and  Quality  Control  Data  are  presented  as  Appendix  C. 

The  Boeing  Vertol  material  inspection  data  are  presented  as  Appendix  D. 

4.2.1  Laminate  Qualification  Properties 

A  press  cured  laminate  of  the  Scotchply  material  was  prepared  by  Boeing  Vertol  personnel,  for 
qualification  purposes,  in  accordance  with  requirements  of  Section  5.2  of  BMS  8-196A.  The 
laminate  properties  were  measured  and  are  noted  below  in  Table  2. 

TABLE  2.  PROPERTIES  OF  PRESS  CURED  LAMINATES 


BMS-8-196A 

Property  Requirement  Results 

Void  Content,  Max.  %  by  Volume  3.5  1 .53 

Fiber  Content,  Avg.  %  by  Volume  Report  63.5 

Composite  Density  Avg  lb/in.3  Report  0.074 

Ply  Thickness,  Mils  8.5  ±  1 .0  7.0 

Tension  (KSD/Modulus  (MSI)  140/5.5  167.9/7.4 

Flexure  (KSD/Modulus  (MSI)  160/5.3  223.5/7.9 


The  laminate  met  all  requirements  with  the  exception  of  per  ply  thickness  which  measured  1  /2 
mil  less  than  the  minimum  required. 
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4.3  TOOLING 


Several  nonmetallic  tooling  materials  are  suitable  for  use  in  a  rf  field.  These  materials  are  "trans¬ 
parent  "  to  rf  and  have  appropriate  electrical,  mechanical  and  thermal  properties.  The  materials 
considered  for  this  work  were  ceramic,  fiberglass/epoxy,  polysulfone,  poly-4-methyl-pentene-1, 
silicone  rubber  and  polypropylene.  Silicone  rubber  and  polypropylene  proved  to  be  the  most 
practical  and  most  economical.  Silicone  rubber  was  used  to  make  the  inflatable  pressure  bag. 
The  decision  to  use  polypropylene  for  the  matched  die  tool  was  based  on  low  dissipation 
factor  (0.0003)  and  a  2.2  dielectric  constant.  It  is  readily  available,  can  be  machined  easily 
and  is  relatively  inexpensive. 

Although  the  upper  temperature  capability  of  270  to  300°F  was  of  some  concern,  it  was  con¬ 
sidered  that  the  nonheating  characteristics  of  polypropylene  by  rf  and  its  poor  heat  conductivity 
would  allow  tooling  to  sustain  epoxy  cure  cycles  without  difficulty.  Also  of  concern  were  the 
creep  and  deflection  properties  of  polypropylene  with  respect  to  the  compacting  pressure  used 
during  the  cure. 

To  answer  this  question,  several  test  bars  measuring  1  by  1  by  12  inches  were  prepared  and 
threaded  on  either  end.  These  were  tested  in  tension  to  evaluate  the  strength  of  the  material. 
Both  square  and  tapered  threads  were  evaluated;  it  was  found  that  a  tapered  8  threads-per-inch 
provided  more  than  adequate  holding  power.  The  material  failed  in  tension  at  4,550  psig.  The 
tensile  strength  of  polypropylene  is  given  as  4,900  psig.  Figure  4  shows  the  test  specimen. 

An  empirical  determination  of  the  deflection  of  a  1  by  1  by  12-inch  bar  of  polypropylene  was 
made  under  a  static  load  of  80  pounds  at  room  temperature.  Over  an  8-hour  period  the  bar 
deflected  approximately  0.070  inches  under  this  load.  Once  the  load  was  removed,  the  bar 
returned  to  its  original  horizontal  plane  overnight.  Since  these  conditions  were  more  severe  than 
those  expected  in  practice,  the  findings  were  acceptable  with  respect  to  the  use  of  the  material 
for  tooling. 

The  tooling  is  in  the  form  of  matched  mold  dies  machined  from  polypropylene  plate.  It  con¬ 
sists  of  three  sections:  the  bottom  containing  the  laminate  to  be  cured,  the  midsection  floating 
pressure  plate  and  the  top  section  containing  the  pressure  bag.  Six  3/4-inch  diameter  sighting 
ports,  on  six-inch  centers,  line  one  side  of  the  bottom  section.  Figure  5.  Figures  6  and  7  show 
the  tooling  assembled,  top  and  edge  views.  This  tooling  (Figure  8)  was  designed  and  machined 
under  the  previous  Boeing  Vertol  in-house  I  R&O  effort. 

4.4  LAMINATE  FABRICATION  AND  CONFIGURATION  FOR  RF  CURING 

The  Scotchply  epoxy/fiberglass  prepreg  was  fabricated  into  two  laminate  configuration:  a 
wedge  shape  and  a  constant  thickness  section.  Each  laminate  was  made  of  10  sections.  To 
separate  each  section,  a  release  material  was  positioned  as  noted  in  Table  3. 

The  wedge  shaped  laminate  was  stepped  off  one  inch  for  each  ply.  This  configuration  is 
illustrated  in  Figure  9.  The  wedge  was  fabricated  in  two  halves  which  were  then  faced  together. 
The  assembled  wedge  is  shown  in  Figure  10.  A  cured  constant  thickness  section  is  shown 
in  Figure  1 1 . 
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Figure  4.  Polypropylene  Test  Specimen 


Figure  7.  Edge  View  of  Assembled  Polypropylene  Tooling 

13/14 


TABLE  3.  LAMINATE  CONSTRUCTION  SPECIFICATIONS 


Ply 

Length 

Ply 

Length 

No. 

(Inches) 

No. 

(Inches) 

1 

39 

14 

36 

2 

39 

IS 

35 

3 

39 

16 

34 

4 

39 

17 

33 

5 

39 

18* 

32 

6 

39 

19 

31 

7 

39 

20 

30 

8 

39 

21 

29 

9 

39 

22 

28 

10 

39 

23 

27 

11 

39 

24 

26 

12* 

38 

25 

25 

13 

37 

51 

39 

64 

36 

52 

39 

65 

35 

53 

39 

66 

34 

54 

39 

67 

33 

55 

39 

68* 

32 

56 

39 

69 

31 

57 

39 

70 

30 

58 

39 

71 

29 

59 

39 

72 

28 

60 

39 

73 

27 

61 

39 

74 

26 

62* 

38 

75 

25 

63 

37 

Ply 

Length 

Ply 

Length 

No. 

(Inches) 

No. 

(Inches) 

26 

24 

38 

12 

27 

23 

39 

11 

28 

22 

40 

10 

29 

21 

41 

9 

30* 

20 

42 

8 

31 

19 

43 

7 

32 

18 

44 

6 

33 

17 

45 

5 

34 

16 

46 

4 

35 

15 

47 

3 

36* 

14 

48 

2 

37 

13 

49 

1 

50* 

39 

76 

24 

88 

12 

77 

23 

89 

11 

78 

22 

90 

10 

79 

21 

91 

9 

80* 

20 

92 

8 

81 

19 

93 

7 

82 

18 

94 

6 

83 

17 

95 

5 

84 

16 

96 

4 

85 

15 

97 

3 

86* 

14 

98 

2 

87 

13 

99 

1 

100* 

39 

•Insert  Peel  Ply  After  This  Ply 


Figure  1 1.  Cured  and  Trimmed  Constant  Thickness  Section 
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Exploded  views.  Figures  12  and  13,  of  the  wedge  and  the  constant  thickness  section  for  laminates 
with  unidirectional  fibers  identify  the  location  and  indicate  the  ply  thickness  of  the  different 
panels.  The  thick  panels  are  twelve-ply  with  the  exception  of  panels  5  and  1 A  which  are  four¬ 
teen-ply,  and  the  thin  panels  are  six-ply.  Illustrations  for  those  laminates  having  ±45°  or  0°/90° 
fiber  orientation  are  given  as  Figures  14  and  1 5.  These  identify  the  location  of  the  panels  and 
indicate  the  respective  ply  thickness.  The  total  ply  count  for  these  laminates  is  104. 

4.5  LAMINATE  ANO  TOOL  ASSEMBLY 

After  the  ten  separate  layups  making  up  a  specific  laminated  unit  had  been  completed  they  were 
arranged  in  the  stacking  sequence  previously  illustrated.  Figure  16  shows  the  last  unit  ready  to 
be  located  and  Figure  1 7  the  applications  of  that  section  to  the  laminate.  The  laminate  has  been 
placed  on  a  piece  of  nylon  bagging  material.  When  the  last  section  is  located,  a  double  thickness 
of  fiberglass  bleeder  cloth  is  laid  on  top.  Figure  18.  A  similar  bleeder  had  been  placed  on  the 
bottom  of  the  laminate  prior  to  stacking  the  individual  sections.  The  entire  laminate  is  then 
encased  in  the  nylon  bag  which  is  tack  sealed  with  teflon  tape.  Figure  19.  The  purpose  of  this 
bag  is  to  contain  the  resin  squeeze  out  and  preclude  time  consuming  post  cure  tool  clean  up. 

A  second  bag  of  Teflon  film  is  also  used  to  seal  the  seam  of  the  nylon  bag.  Figure  20. 

*  i 

The  bagged  unit  is  then  placed  in  the  tool  cavity.  Figure  21 ,  and  silicone  rubber  spacers  located, 
Figures  22  and  23,  to  facilitate  removal  of  the  cured  laminate.  Next,  a  polypropylene  spacer 
is  inserted.  Figure  24.  This  is  a  piece  of  uniform  thickness  for  the  constant  thickness  laminate 
and  a  wedge  shaped  spacer  for  the  wedge  section.  The  floating  pressure  plate  is  next  located, 
Figure  25,  followed  by  the  top  section  containing  the  inflatable  silicone  pressure  bag.  Figure 
26.  The  polypropylene  nuts  are  threaded  on  the  studs  and  the  pressure  plate  snugged  down. 
Figure  27.  An  initial  pressure  of  10  psig  is  applied  to  the  laminate.  This  was  so  for  all  cases 
except  for  the  first  run  (No.  14)  where  an  initial  pressure  of  5  psig  was  used. 

The  resin  containment  bag  around  the  laminate  is  pierced  at  each  of  the  temperature  sighting 
holes  for  controlled  flow  of  squeeze  out  resin.  Figure  28.  The  squeeze  out  is  collected  in  a 
separate  throw  away  trough  (not  shown)  that  is  attached  to  the  side  tool  after  it  is  positioned 
on  the  conveyor  belt.  Figure  29  shows  the  assembled  tool  being  introduced  into  the  shielding 
tunnel  for  final  positioning. 

4.6  RADIO  FREQUENCY  CURING 

After  the  tool-part  assembly  had  been  positioned  on  the  conveyor  belt,  masking  tape  was  used 
to  hold  the  tool  in  place.  Without  the  tape  the  polypropylene  tool  has  a  tendency  to  slide  out 
of  position  as  it  is  cycled  back  and  forth  during  the  cure. 

Cure  temperatures  were  measured  by  infrared  fiber  optics.  The  thermal  monitoring  system  was 
aligned  with  the  sighting  ports  on  the  side  of  the  tool.  These  ports  were  assigned  numbers  1  to 
6  as  the  tool  passed  through  the  rf  field  left  to  right. 

The  sensing  probe  was  positioned  through  the  oven  wall  to  within  three  inches  of  the  laminate. 
The  end  of  the  probe  was  aligned  to  sight  through  the  port  on  to  the  midplane  of  the  edge  of 
the  laminate.  The  probe  is  connected  outside  the  oven  to  the  detecting  head  which  in  turn 
transmits  the  signal  to  a  digital  readout  calibrated  in  a  direct  fahrenheit  degrees.  An  x-y  strip 
chart  was  also  connected  to  the  digital  readout.  See  Figure  30. 


21 


f.  Exploded  View  of  Constant  Thickness  Section 


8  PLY  LAMINATE 

±45°  FIBER  ORIENTATION 


Exploded  View  of  Constant  Thickness  Section  of  8  Ply  ±46°  Fibers 


12  PLY  LAMINATE 
0°  FIBER  ORIENTATION 


Figure  15.  Exploded  View  of  Constant  Thickness  Section  of  8  Ply  0/90P  Fibers 
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Figure  19.  Application  of  Nylon  Bag 


Figure  21.  Bagged  Laminate  Placed  in  Tool 
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Figure  22.  Silicone  Rubber  Spacers  Located  in  Side  of  Tool 


Figure  23.  Silicone  Rubber  Spacers  Located  in  End  of  Too! 
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A  whip  antenna  was  located  in  the  vicinity  of  the  front  access  door  and  connected  to  a  250 
megahertz  8-digital  frequency  counter  to  monitor  frequency  during  the  cure. 

Once  the  assembled  tool  was  secured  to  the  conveyor,  the  part  was  cured  by  cycling  the  assem¬ 
bly  through  the  rf  field  between  properly  spaced  electrodes  at  a  controlled  speed.  For  constant 
thickness  sections  the  temperature  of  the  laminate  increased  incrementally  to  250°F  over  a  70 
minute  period.  For  wedge  sections  the  temperature  increase  developed  over  a  period  of  1 20 
minutes.  For  all  laminate  cures,  however,  30  to  40  psig  pressure  was  applied  when  the  laminate 
temperature  ranged  from  170°F  to  200°F.  The  dielectric  heating  was  monitored  throughout 
the  cure  and  changes  in  the  temperature  of  the  laminate  were  recorded  on  the  x-y  strip  chart. 
Charts  for  each  run  are  presented  in  Appendix  E. 

Monitoring  the  cure  of  the  constant  thickness  sections  presented  no  particular  problem.  Due 
to  the  even  thickness  of  the  laminate,  temperature  increases  were  evident  within  10  to  1 5 
minutes  of  exposure  to  the  rf  field. 

In  the  case  of  the  wedge  shaped  laminates,  monitoring  the  temperature  at  the  thin  edge  of  the 
wedge  is  somewhat  difficult.  Reference  to  the  temperature  readout  charts  for  wedge  sections 
(Appendix  E)  shows  the  aborted  pen  tracing  for  sight  ports  Numbers  1  and  2;  the  vicinity  of 
of  the  thin  position  of  the  wedge.  In  the  early  cures,  before  the  transparent  film  was  used  to 
contain  the  resin,  resin  build  up  at  the  ports  also  contributed  to  erratic  temperature  measure¬ 
ments.  Although  the  film  helped,  temperature  measurements  at  the  thin  end  of  the  laminate 
were  still  erratic. 

Early  in  the  curing  effort  it  was  found  that  the  last  one  to  two  inches  of  thin  end  of  the  wedge 
were  not  curing.  Experience  showed  that  the  tapered  portion  of  the  wedge,  up  to  one  half  the 
length,  required  longer  exposure  to  the  rf  to  complete  the  cure.  Thus,  a  process  was  adopted 
whereby  only  the  thinner  portion  of  the  wedge,  to  one  half  the  length,  was  exposed  to  the 
field  for  the  first  thirty  minutes  of  the  run;  the  rf  was  switched  off  as  the  thicker  portion  of 
the  wedge  passed  between  the  electrodes.  After  this  initial  exposure  the  entire  laminate  was 
allowed  to  cycle  through  the  field  for  the  remainder  of  the  cure.  It  was  also  necessary,  in  some 
instances,  to  allow  portions  of  the  laminate  to  be  exposed  to  a  static  application  of  the  rf  for 
periods  of  one  to  two  minutes. 

4.7  PROCESSING  PARAMETERS 

As  more  experience  was  gained  through  each  succeeding  cure  it  was  found  that  plate  current, 
grid  current,  filament  voltage  and  line  voltage  remained  constant  for  a  specific  load  passing 
through  the  field  at  a  particular  electrode  spacing.  Also,  appropriate  electrode  spacing  for 
most  of  the  cure,  re solves  itself  to  a  clearance  of  the  upper  electrode  from  the  top  surface  of 
the  tool  of  approximately  one  half  inch.  Indeed,  in  instances  where  the  temperature  increase 
proved  to  be  too  rapid,  control  was  exerted  by  increasing  the  space  between  the  electrodes  to 
reduce  the  energy  input  or  the  rf  was  turned  off  white  a  particular  section  of  the  assembly 
passed  through  the  electrodes. 

Actually,  processing  parameters  resolved  themselves,  for  the  most  part,  to  electrode  spacing 
and  the  intermittant  application  of  the  rf  field.  Acceptable  belt  speeds  proved  to  be  between 
four  to  five  feet  per  minute.  With  early  runs  a  seven  second  delay  at  each  end  of  the  cycle  was 
used.  This  was  later  reduced  to  one  second. 


Individual  temperature  measurements  taken  at  each  sighting  port  were  automatically  recorded 
on  the  xy-strip  chart  recorder  with  each  pass  through  the  field.  Temperature  data  and  processing 
parameters  for  each  cure  are  presented  in  Appendix  F.  The  numbers  for  grid  current  and  filament 
voltage  represent  load  and  no  load  conditions.  For  grid  current,  high  numbers  represent  no  load 
condition  and  low  numbers  a  load  condition  and  vice  versa  for  plate  current. 


4.8  TESTING  PROGRAM 
4.8.1  Contract  Items 

Contract  requirements  specified  the  rf  cure  of  five  wedge  sections  and  five  constant  thickness 
sections  with  subsequent  shipment  of  these  sections  to  the  Army  Materials  and  Mechanics 
Research  Center  (AMMRC),  Watertown,  Ma. 

Testing  of  specimens  from  various  positions  through  the  cross-section  of  the  rf  cured  composite 
was  to  include  but  not  be  limited  to  hardness,  tensile  strength,  short  beam  shear,  and  flexure. 
Also,  test  specimens  of  a  quantity  not  less  than  that  specified  in  the  approved  internal  specifica¬ 
tion  were  to  be  prepared  and  shipped  to  AMMRC. 

In  the  course  of  the  program,  24  rf  cures  were  conducted  resulting  in  1 1  wedge  sections  and 
13  constant  thickness  sections.  Table  4  lists  pertinent  information  on  each  laminate  and  the 
disposition  of  each.  It  will  be  noted  that  Table  4  numbers  start  with  number  14.  Cures  prior 
to  this  were  conducted  under  the  earlier  I  R&D  in-house  effort.  The  ten  sections  required  for 
AMMRC  were  packaged  and  sent  the  12th  of  December  1979  to  Watertown,  Ma.  Also, 
individual  test  specimens  for  AMMRC  were  prepared  by  the  Cincinnati  Testing  Laboratory 
and  shipped  directly  to  AMMRC. 


4.8.2  Testing  Results 

Cincinnati  Testing  Laboratories,  Inc.  417  Northland  Road,  Cincinnati,  Ohio,  45240,  contracted 
to  cut,  machine,  and  conduct  the  testing  for  the  prepregged  material  and  the  rf  cured  laminates 
in  accordance  with  the  requirements  of  BMS-8-196A. 

The  quality  of  the  first  three  rf  cured  wedge  sections  was  evaluated  at  Boeing  Vertol  by 
measuring  the  flexural  strength  and  modulus  at  room  temperature,  Barcol  hardness,  and  resin 
content.  These  data  are  presented  in  Table  5. 
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TABLE  5.  QUALITY  MEASUREMENTS  OF  FIRST  THREE  WEDGE  SECTIONS 


Test 

Wedge  Section 
1  2 

3 

BMS8-196A 

Flex  Strength  psi  x  106 

183.0 

189.7 

188.1 

160.0  min 

Flex  Modulus  psi  x  10® 

6.69 

6.2 

5.5 

5.3  min 

Barcoi  Hardness 

68.74 

66.70 

70.75 

Not  required 

Resin  Content  % 

(Cured  Laminate) 

26.8 

25.6 

25.8 

Not  required 

Based  on  these  results  the  fourth  wedge  and  the  second  constant  thickness  section  were  sent  to 
Cincinnati  for  test.  Prior  to  shipment,  the  laminates  were  trimmed  to  size  and  separated  into 
the  individual  panels.  The  separations  were  made  at  the  peel  ply  layer.  Due  to  the  compaction 
of  the  laminate  these  separations  were  not  made  without  some  difficulty  and  care  had  to  be 
exercised  to  prevent  some  fiber  delamination.  The  separations  were  started  at  one  end  of  the 
laminate  (where  a  small  piece  of  teflon  had  been  inserted  between  each  set  of  panels  before 
cure)  by  using  a  thinned  back-edge  of  a  hack  saw  blade.  When  an  adequate  opening  had  been 
made,  a  12-inch  metal  rod  one  inch  in  diameter  was  inserted  and  the  separation  continued  by 
rolling  the  rod  down  the  length  of  the  panel. 

Diagrams  were  prepared  to  represent  each  panel  and  to  locate  and  identify  the  individual  test 
specimens.  These  diagrams  are  presented  as  Appendix  G. 

Early  test  results  on  the  panels  sent  to  Cincinnati  showed  that  the  flexural  strength/modulus 
at  180°F  were  below  specification  requirements  (126  ksi/4.3  msi  vs  140  ksi/5.2  msi). 

Also,  short  beam  shear  results  at  room  temperature  were  below  requirements  (9,000  ksi  vs. 
10,000  ksi).  Detailed  test  results  are  presented  as  Appendix  H.  Review  of  these  results  and 
the  curing  parameters  suggested  that  these  lower  values  could  be  due  to  the  relatively  low 
(30  and  35  psig)  pressures  used  on  the  laminates  during  the  cure.  Testing  was  terminated  on 
the  specimens  from  wedge  section  number  4  and  constant  thickness  section  number  2.  A  new 
wedge  section  (number  7)  and  constant  thickness  section  (number  6)  were  sent  to  Cincinnati  as 
replacements  to  provide  a  new  set  of  test  specimens.  These  new  sections  had  been  cured  at  40 
psig  pressure  to  upgrade  the  mechanical  properties.  Compacting  pressures  were  kept  in  the  30 
to  40  psi  range  because  creep  and  deflection  of  the  polypropylene  tooling  would  be  more 
prevalent  under  greater  stress  at  cure  temperature  and  the  stud  strength  may  have  been  exceeded. 


4.8.3  Discussion  of  Results 


The  quality  of  the  prepreg  material,  SP-250-E-33-W-456,  Lot  7,  Jumbo  50  was  measured  under 
paragraph  5.1  of  8MS-8-196A  but  limited  to  those  properties  specified  in  Table  one.  The 
physical  properties  of  the  press  cured  laminates  were  measured  in  accordance  with  the  require¬ 
ments  of  Table  two  of  specification  BMS-8-196A. 

The  mechanical  properties  of  the  laminates  cured  by  the  Radio  Frequency  Process  were  de¬ 
termined  with  reference  to  property  requirements  specified  in  Table  three  of  BMS-8-196A. 
Although  the  BMS-8-196A  relates  to  material  qualification  and  not  to  process  evaluation  it  is 
considered  useful  for  evaluating  the  mechanical  properties  of  the  rf  cured  laminates. 

4.8.3. 1  Prepreg  Properties 

A  summary  of  the  properties  of  the  prepreg  material  is  presented  in  Table  6.  These  results  show 
that  the  material  meets  the  requirements  of  BMS-8-196A  with  the  exception  of  Resin  Flow. 

This  property  averaged  at  5.5  percent  which  is  somewhat  below  the  minimum  9  percent  speci¬ 
fied.  (This  fall-off,  however,  may  be  attributed  to  a  four  month  interval  between  the  time  the 
material  was  received  and  the  testing.)  Also,  gel  time  data  were  not  determined  because  suf¬ 
ficient  resin  could  not  be  removed  from  the  prepreg.  This  in  turn  could  be  due  to  the  age  of 
the  prepreg.  In  general,  however,  the  material  portrays  the  properties  reported  in  the  3M  cer¬ 
tification  report.  Detailed  test  results  for  the  prepreg  properties  are  presented  in  Appendix  I. 

4.8.3.2  Press  Cured  Laminate  Physical  Properties 

One  each  of  5-ply  and  12-ply  laminates,  twelve  inches  square,  of  the  SP250  material  were  press 
cured  in  accordance  with  paragraph  5.2  of  BMS-8-196A.  Cure  conditions  were  120  ±  10 
minutes  at  255°F  ±  5°F  and  40  PSIG  pressure.  The  laminates  were  post  cured  90  minutes  at 
255°F  without  pressure.  The  properties  of  these  laminates  were  determined  in  accordance 
with  paragraph  5.22  of  the  specification.  A  summary  of  the  results  is  given  in  Table  7. 

With  the  exception  of  the  void  content  of  the  12  ply  laminate,  the  properties  are  within  the 
requirements  of  the  BMS  and  agree  with  the  values  contained  in  the  3M  certifying  report.  De¬ 
tailed  test  results  are  presented  as  Appendix  J.  In  addition  to  a  determination  of  the  above 
properties  both  the  flexural  strength/modulus  and  the  tensile  strength/modulus  were  determined 
for  these  laminates.  These  values  are  presented  in  Tables  8  and  9.  The  values  are  lower  than 
those  reported  in  the  3M  certifying  report  although  they  do  meet  the  requirements  of  the 
BMS-8-196A,  Table  111. 

4. 8. 3. 3  Rockwell  Hardness 

Both  the  wedge  section  and  the  constant  thickness  section  panels  cured  by  Radio  Frequency 
were  examined  to  measure  the  degree  of  cure.  Utilizing  the  "M"  scale,  the  Rockwell  Hardness 
for  each  panel  was  determined.  A  cured  rigid  epoxy  resin  gives  Rockwell  M  readings6  in  the 
neighborhood  of  100.  A  summary  of  the  Rockwell  Hardness  values  is  presented  as  Table  10. 
Values  for  the  12-ply  laminates  give  evidence  of  a  full  cure  condition  in  ail  instances  except 
no.  3  panel  of  the  constant  thickness  section.  All  the  6  ply  laminate  values,  however,  suggest 
that  additional  cure  may  be  necessary.  All  these  values  are  an  average  of  ten  measurements 
and  the  detailed  test  results  are  given  in  Appendix  K. 
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TABLE  6.  SUMMARV/PREPREG  PROPERTIES 


Property 

Required 

Actual 

Volatile  Content,  Max  (%) 

Average  Value 

0.6 

0.37 

Individual  Value 

0.8 

0.47 

Resin  Content,  Avg  (%) 

30-36 

31.2 

Ply  Thickness,  Mils 

9-11 

9.4-10.0 

Glass  Weight,  Avg 

Grams  per  ft2 

25.2-27.6 

26.30 

Total  Weight,  Avg 

Grams  per  ft2 

36.25-42.55 

38.45 

Gel  Time,  Minutes  (Min) 

33 

N/A 

Resin  Flow,  (%) 

Avg  Value 

9-17 

5.52 

TABLE  7.  SUMMARY/LAMINATE  PHYSICAL  PROPERTIES 

Property 

Allowable 

Actual 

5  ply 

12  ply 

Void  Content,  Max  (%) 

3.5 

0.6 

3.9 

Fiber  Content,  Avg  (%) 

Report 

58.8 

50.5 

Resin  Volume,  Avg  (%) 

Not  Required 

40.6 

45.6 

Composite  Density,  Avg 
lb/in.3 

Report 

0.072 

0.067 

Resin  Content,  Avg  (%) 

Not  Required 

25.5 

30.9 

Ply  Thickness,  Mils 

8.5  ±  1.0 

9.4 

8.9 
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TABLE  8.  FLEXURAL  STRENGTH 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7 ,  Jumbo  50  * 

Specification:  BMS  8-196A 

Pre  Conditioning:  4Q  HrS  . /23°C/50%  R.H. 

Test  Condition:  23°C/50%  R.H. 

Span  (L)  ^  g  L/d  Ratio: 


: January  21,  1980 

Support  radius:  1  /  8  " 
Nose  radius:  ^  j  g  » 

Test 

Speed:  q4  in./min. 

Specimen  length:  4" 


3PL 

Flexural  Strength  (S)  = 


Modulus  of  Elasticity  (Eg)  =  ^^3 


*  Panel  Fabricated  at  Cincinnati 
Testing  Labs.,  Inc. 


S  *  flexural  strength  in  psi 

Eg=  Modulus  of  elasticity  in  psi  x  10* 

P  =  Break  load  in  lbs. 
b  *  specimen  width  in  inches 
d  *  depth  Of  beam  in  inches 
L  *  span  in  inches 

m  =  initial  slope  of  load  deflection  curve 
in  lbs. /in. 


TABLE  9.  TENSILE  STRENGTH/MODULUS 


CUSTOMER: 
Material: 
Specification : 

Pre  Conditioning: 
Test  Condition: 
Specimen  Type: 


Boeing  Vertol  Company 
SP  250-E-33  W-456,  Lot  7, 

BMS  8-196A 

40  Hrs./23°C/50%  R.H. 
23°C/50%  R.H. 

Figure  5 


Jumbo  50* 


Date  January  21,  1980 


Testing  Speed: 


.05 


in.'min. 


S  »  Ultimate  Tensile  Strength  in  PSI 
Sy  «  yield  strength  in  PSI 


Et  ■  modulus  of  elasticity  in  PSI  x  10* 

Tensile  Strength  (S)  *  -gg-  P  =  break  load  in  lbs. 

b  *  specimen  «idth  in  inches 

Modulus  of  Elasticity  (Etl  *  ^dY  d  *  specimen  thickness  in  inches 


*  Panel  fabricated  at  Cincinnati  Testing  Y  -  strain  m  m./in. 

Labs.,  Inc. 


:  Specimen 
(no.l 

S 

<PSII 

Efl 

p 

(lbs.) 

d 

0a) 

b 

(in.) 

Et 

(psi  x  10*) 

Elongation 

<%) 

1 

150,320 

3340 

0.044 

0.505 

6.38 

2 

151,880 

3570 

0.046 

0.511 

6.43 

3 

136,650 

3130 

0.045 

0.509 

7.66 

4 

lEBffii 

3200 

0.046 

0.510 

6. 99 

5 

Avg. 

_ 

143,810 

6.87 
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TABLE  10.  SUMMARY  OF  ROCKWELL  HARDNESS  VALUES  (AVERAGE) 


Panel  (No.) 

M-Scale 

6  Ply 

12  Ply 

1 

Constant  Thickness  Section 

— 

96 

2 

Constant  Thickness  Section 

74 

- 

3 

Constant  Thickness  Section 

- 

79 

4 

Constant  Thickness  Section 

83 

— 

2 

Wedge  Section 

83 

— 

2A 

Wedge  Section 

70 

- 

3 

Wedge  Section 

— 

96 

3A 

Wedge  Section 

- 

96 

4 

Wedge  Section 

82 

— 

4A 

Wedge  Section 

89 

- 

5 

Wedge  Section 

— 

97 

5A 

Wedge  Section 

- 

96 

4.8.3.4  Fatigue  Properties  of  rf  Cured  Laminates 

A  summary  of  Fatigue  Properties  is  presented  in  Table  11.  Detailed  specimen  testing  and  a 
plot  of  the  number  of  cycles  versus  the  alternating  stress  is  given  in  Appendix  L  Data  de¬ 
veloped  in  the  Boeing  Vertoi  "E"  glass  Qualification  program  for  SP250E  is  also  plotted  for 
comparison.  The  data  for  the  rf  cured  laminates  falls  slightly  below  that  plotted  for  the  press 
cured  laminates.  This  could  be  attributed  to  an  under  cured  resin  matrix  or,  additional  pres¬ 
sure  may  be  needed  during  the  cure. 

TABLE  11.  SUMMARY/FATIGUE  PROPERTIES 

0°  Fiber  Orientation 

Number  of  Cycles 

Specimen  No.  1  Specimen  No.  2 

Alternating  Stress  (ksi) 


22 

7,887,000 

4,251,000 

28 

374,000 

103,000 

32 

9,000 

2,000 

36 

6,000 

1 45°  Fiber  Orientation 

3,000 

Number  of  Cycles 

Alternating  Stress  (ksi) 

Specimen  No.  1 

Specimen  No. 

22 

10,088,000 

12,809,000 

28 

3,875,000 

1,532,000 

32 

552,000 

1,370,000 

36 

30,000 

45,000 
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4. 8. 3. 5  Laminate  Mechanical  Properties 

The  mechanical  properties  of  the  rf  cured  laminates  were  determined  at  three  test  tempera¬ 
tures  -65°,  74°  and  180°F  after  exposure  to  three  hostile  environments;  oil  soak,  boiling 
water  and  a  180°F  soak,  as  detailed  in  BMS-8-196A.  A  summary  of  these  results  is  given  in 
Table  12.  Underlined  results  are  below  required  value. 

TABLE  12.  SUMMARY/LAMINATE  MECHANICAL  PROPERTIES 


Property 

Test  Temperature 

-65°  F 

74°F 

180°F 

Beam  Shear  (KSI) 

Averages 

Req 

Act 

Req 

Act 

Req 

Act 

Control 

14.0 

12M 

10.0 

10.18 

7.5 

7.33 

Oil  Soak 

14.0 

11.90 

11.0 

7.5 

7.84 

Water  Boil 

13.0 

12.61 

12.20 

10.0 

8.53 

7.5 

5.95 

Temp  Exposure 

14.0 

11.0 

10.28 

7.5 

8.18 

Flexural  Strength  (KSI)/ 
Modulus  (MSI) 

Control 

192/5.2 

264/5.5 

160/5.3 

191/&4 

130/5.2 

156/5.7 

Oil  Soak 

190/5.2 

250/5.5 

160/5.3 

189/5.7 

130/5.2 

157/5.9 

Water  Boil 

192/5.2 

238/49 

145/5.3 

186/5.7 

124/5.2 

105/4.8 

Temp  Exposure 

192/S.2 

228/&0 

165/5.3 

183/5.3 

140/5.2 

137/5.3 

Tension  (KSI)/Modulus  (MSI) 

Orientation 

0° 

165/- 

162/6.8 

140/5.5 

134/6.4 

122/5.5 

111/6.1 

0°/90° 

85/- 

76/4.2 

62/3.5 

70/3.7 

60/3.1 

64/3.4 

±45° 

20/- 

21/2.7 

21/1.8 

..mi 

20/1.4 

19/1.6 

Req  *  Required  Act.  ■  Actual 

4.8.3.5.1  Beam  Shear  -  Examination  of  the  average  values  for  beam  shear  show  the  majority 
falling  slightly  below  values  specified  in  the  BMS-8-196A;  the  percentage  fall-off  ranging  from 
3  to  20  percent.  The  water  boil  exposure  proved  to  be  the  most  severe  environment  for  the 
beam  shear  specimens.  In  light  of  the  flexural  results,  the  lower  beam  shear  values  seem  a 
paradox.  Based  on  Rockwell  Hardness,  the  degree  of  cure  appears  acceptable.  Also,  the  source 
of  the  specimen  (wedge  or  constant  thickness  section),  its  location  in  the  panel,  or  the  stacking 
location  of  the  panel  in  the  section  seem  to  have  no  relationship  to  individual  mechanical 
property  values. 

4.8.3.5.2  Flexural  Strength/Modulus  -  The  flexural  modulus  of  specimens  tested  at  -65°F 
and  180°F  after  being  subjected  to  the  water  boil  were  lower  than  values  required  for  specifi¬ 
cation  BMS-8-196A.  It  is  noted  also  that  the  flexural  strength  reported  for  those  specimens 
tested  at  180°F  after  water  boil  was  also  below  the  specification  requirements. 
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4. 8. 3. 5. 3  Tensile  Strength/Modulus  -  Examination  of  the  values  for  unidirectional  (0°) 
laminates  show  them  to  be  within  the  acceptable  5%  of  the  specified  values  with  the  exception 
of  the  measurement  at  180°F  which  portrays  a  9.0  percent  reduction.  The  tensile  strength 
values  relate  directly  to  the  laminate  resin  content.  A  "range  of  acceptable  tensile  strength 
values  as  a  function  of  resin  content"  for  the  room  temperature  test  is  given  as  Figure  6,  page 
29  of  the  BMS-8-196A.  It  should  be  noted  also,  the  Rockwell  Hardness  values  for  the  6-ply 
laminates  ranged  from  70  to  90  versus  an  acceptable  100  value.  This  suggests  that  some  ad¬ 
ditional  cure  was  required. 

Both  the  0/90  and  the  ±45°  tensile  strength  values  evidenced  slight  fall-off  from  the  specifica¬ 
tion  requirements.  The  values  for  the  0/90  at  -65°F  is  low  by  10  percent  but  the  74°F  and 
180°F  test  results  are  acceptable.  For  the  ±45°  tensile  values  the  74°F  test  result  is  9.5 
lower  than  the  specification  requirement.  Although  the  values  for  the  ±45°  tensile  results  are 
underlined  to  show  they  are  below  requirement,  they  are  within  an  allowable  5  percent 
deviation  and  thus  considered  acceptable.  Detailed  test  results  are  presented  in  Appendix  M. 

To  resolve  the  differences  in  results  for  Flexural,  Short  Beam  Shear  and  Tensile  properties  a 
series  of  retests  was  conducted.  These  results  are  discussed  below. 

4.8.3.5.4  Retest  Data  —  Additional  testing  was  conducted  on  rf  cured  panels  which  were  sub¬ 
jected  to  post  cure  at  250°F  for  16  hours.  Also,  the  resin  content  was  determined  for  those 
post  cured  panels  used  to  re-evaluate  tensile  strength/modulus.  Summary  retest  values  for  the 
post  cured  mechanical  properties  are  given  in  Table  13  and  the  resin  content  values  are  listed 
in  Table  14. 

A  comparison  of  the  results  in  Table  13  with  original  test  values  shows  improvement  in 
Flexural  strength  at  180°F  and  in  Tensile  strength/modulus  for  0/90°  fiber  orientation  at 
— 65° F.  Other  values  for  short  beam  shear  and  tensile  strength  show  no  significant  improve¬ 
ment.  These  results  suggest  that  the  degree  of  cure  provided  by  rf  energy  was  relatively 
complete. 

The  resin  content  for  panels  used  for  tensile  test  specimens  were  wide  spread,  ranging  from 
20  to  28%.  This  variation  is  difficult  to  explain  since  all  panels  were  subjected  to  40  psig  pres¬ 
sure  during  cure. 

Detailed  resin  content  values  and  retest  values  for  mechanical  properties  are  provided  in 
Appendix  N. 

4. 8. 3. 5. 5  Panel  Analysis  —  Two  areas  that  may  be  scrutinized  further  are  the  ultimate  cure 
pressure  and  the  physical  separation  of  the  individual  panels  from  each  other.  A  pressure 
greater  than  40  psig  may  be  required  to  realize  a  beam  shear  strength  commensurate  to  press 
cured  laminates.  Also,  it  is  suggested  that  the  40  psig  pressure  may  not  have  been  sufficient 

to  produce  low  void  12  ply  laminates.  Although  the  void  content  of  the  radio  frequency  cured 
laminates  was  not  determined  in  this  program,  reference  is  made  to  the  press  cured  laminates 
(para  4.8.3.21  wherein  the  40  psig  cure  pressure  resulted  in  12  ply  laminates  with  3.9  percent 
void  content.  Thus,  a  high  void  content  would  directly  relate  to  a  fall  off  in  short  beam  shear 
strength.  Separation  of  the  panels  from  each  other  was  not  easily  accomplished  although  peel 
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ply  had  been  used  as  a  release  agent.  Some  force  was  required  on  the  round  bar  that  was  used 
as  a  wedge  between  the  panel  being  removed  and  the  remainder  of  the  section.  It  may  be  that 
some  fibers  were  disturbed  or  slightly  prestressed  during  this  separation  procedure.  It  is  ex¬ 
pected,  however,  that  die  rf  cure  of  a  composite  component  for  a  helicopter  would  not  entail 
a  separation  process  as  described  here. 


TABLE  13.  RETEST  SUMMARY/LAMINATE  MECHANICAL  PROPERTIES 


Property 

Beam  Shear  (KSI)  0° 

-65°  F 

Required 

Actual 

Test  T  emperature 

74°F 

Averages 

Required  Actual 

180°F 

Required 

Actual 

Control 

14.0 

11.2 

10.0 

— 

— 

— 

Oil  Soak 

14.0 

13.2 

11.0 

9.8 

— 

— 

Water  Boil 

13.0 

— 

10.0 

M 

7.5 

5 .7 

Flexural  (KSI)  0° 

Modulus  (MSI) 

Water  Boil 

— 

— 

— 

— 

124/5.2 

128/4.8 

Tension  (KSI)/ 

Modulus  (MSI 

Orientation 

0° 

— 

— 

— 

— 

122/5.5 

112/5.9 

0°/90° 

85/ 

90/4.2 

— 

— 

— 

— 

±45° 

- 

— 

21/1.8 

20/2.2 

- 

— 

TABLE  14.  RESIN-GLASS  CONTENT 


Panel  Identification 

Run  No. 

Percent 

Resin  Content 

Percent 

Glass  Content 

Constant  Thickness  Section 

No.  4 

No.  25 

20.8 

79.2 

No.  2 

No.  25 

20.0 

80.0 

Wedge  Sections 

No.  4 

No.  24 

28.1 

71.9 

No.  4A 

No.  24 

25.4 

74.6 

No.  2A 

No.  24 

21.6 

78.4 

No.  2 

No.  24 

27.8 

72.2 

53 


5  CONCLUSIONS 


5. 1  The  feasibility  of  conveyorized  rf  cure  of  epoxy /fiberglass  composite  has  been  demon¬ 
strated.  For  practical  purposes  die  mechanical  properties  of  rf  cured  composites  are 
commensurate  with  requirements  of  the  Boeing  Material  Specification. 

5.2  The  use  of  a  stronger  tooling  material  (i.e.,  polysulfone)  will  allow  the  application  of 
greater  pressure  during  the  cure  and  thus  improve  the  interlaminar  shear  properties. 


5l3  RF  cure  can  be  applied  to  specific  helicopter  composite  hardware  limited  only  by 
equipment  design  and  part  geometry. 

6  RECOMMENDATIONS 

Based  on  the  findings  reported  herein,  it  is  recommended  that  the  investigation  of  conveyor¬ 
ized  rf  cure  of  resin/fiberglass  composites  be  continued. 

A  follow-on  effort  should  be  directed  toward  the  fabrication,  cure  and  service  life  testing  of  a 
specific  composite  helicopter  structure.  It  is  recommended  that  tooling  for  rf  curing  be  made 
of  polysulfone.  It  is  superior  to  polypropylene  in  strength  and  stiffness,  has  minimum  creep, 
and  is  capable  of  withstanding  300  to  350°  F  temperatures. 
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APPENDIX  A 

FINAL  TEST  PROCEDURE  FOR  DAAG46-76R-0846 
20-KILOWATT  RADIOFREQUENCY  OVEN 


Major  Electrode  Dimensions  (22  in.  x  35  in.  )  _ 0  •  -<- _ 

Spare  Electrode  Dimensions  (14  in.  x  24  in.  }  _ O.K. _ 

Maximum  Electrode  Opening  (15  inches)  _ 15  incnes 

Minimum  electrode  Opening  (3  inches)  _ 4  3/16 _ 

Minimum  adjustment  increment  (1/2  inch;  _ 0. 1C _ 

Access  to  electrode  via  hinged  interlocked  door  o . K . _ 

R.F.  applicator  inoperable  until  all  doors  and  pane's  secured. 

Power  Supply  Door  open  R.F.  inoperable  _ O.K. _ 

Tube  access  panel  OFF  P..c.  inoperable  _ O.K. _ 

Control  panel  door  open  R.F.  inoperable  _ O.K. _ 

Access  door  open  R.F.  inoperaole  _ _ O. K. _ 

Left  tunnel  top  unlatched  R.F.  inoperable  O.K. 

Right  tunnel  top  unlatched  R.F.  inoperable  O.K. _ 

Oscillator  Tube  air  cooled  _ O.K. _ 

R.F.  Cavity  has  positive  venting  O.K. 

Shielded  window  in  the  hinged  panel  allows  viewing  of  load 

in  applicator  o.k.  yes 

Shielded  tunnel  on  either  side  of  cavity  w  O.K.  yes 

_ t  Km  I  / _ £ _ A. > _ _ 


Pow*r  leakage  fro*  oven  less  than  1  MW/cm  at  the  following  location': 
i  i  q _  g  (92.6  MHz)  'MJ/ _ ^  a 


Jnches 
"inches 
"inches 
"  yes 


allows  viewing  of 
_yes 

Vity  -  O.K. 


Left  tunnel 
Right  tunnel 
Front  Access 


No  load  4.31 


electrode  separation 


Left  tunnel  0.30  (94.5  MHz 
Right  tunnel~ffTW  W.a  yiffz~ 
Front  Access  Door  0 

Left  tunnel  0.7  (92.1  MHz 
Right  tunnel  1.5  (92.1  MHz 
Front  Access  Poor  Q 

Left  tunnel  5-6(92.6  MHz) 
Right  tunnel  4-5  192.6  MHz) 
Front  Access  Door  o 

Left  tunnel  2-3  (93.6  MHz) 
Right  tunnel  4-5  (93.6  MHz) 
Front  Access  Door  "o' 


£  No  load  7.1875"  electrode  separation 


MVI/cml 

“mu  /—F 


MW/cm,  With  load  4.375"  electrode  separation 
“MW/ cm,  (0.8  amo) 


jy/cnip  With  load  5.875"  electrode  separation. 
"MH/crij  (1-5  amps) 

JW/air 

2 

_MW/cn*2  With  load  9.5625"  electrode  separation 
"MW/cm,  (1.7  amp; 

“KW/crT 


T.  Distance  between  closures  on  operators  side  of  the  tunnel  are  equal  to  or  less 

than  6"  O.K. _  yes 

U.  Max.  Speed  oi*  conveyor  belt  is  equal  to  or  greater  than  5  ft/min.  O.K.  yes 

Max  Speed  8 . 0 _  ft/min.  with  "0  load  on  conveyor,  wi  th  load 

of  322  sounds  on  Conveyor  the  max.  speed  is  5 _ ft/min. 

'I.  Min.  speed  cf  conveyor  belt  is  ecual  to  or  less  than  .Sft/min.  O.K.  yes 
Min.  speed  0.1  ft/min.  with  No  load  on  conveyor  -.4 i t h  load 
of  322 _ pounds  on  conveyor  the  min.  spepd  is  0.1  tt ,/-»in. 

W.  Conveyor  system  powered  by  3  DC  -’Ctpr  »nci  nas  3  solid  State  contrelljr 

O.K. _ yes. 

X.  Entrance  and  egress  from  sirelded  tunnels  work  loads  shorter  than  tunnel 

lengjtn  possible  O.K. _ yes 

v.  Conveyor  has  a  direction  control  switch  O.K. _ yes 

Z.  Conveyor  belt  speed  indicator  is  proportional  to  conveyor  speed. 

3e't  speed  indicator  0.5 _ ft/min.  no  Load 

8.0 _ 'ft/min.  No  Load 

Belt  speed  indicator  7,3  ft/min.  Load  153*/ft‘i 

6.1  ft/min.  Load 
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A.  A.  Control  voltage  from  secondary  of  isolation  transformer  120  volts  60  Hz 

Resistance  from  secondary  voltage  side  to  primary  3  phase  line  0  infinite 
ohms,  08  infinite  ohms.  0C  infinite  ohms . 

Secondary  low  voltage  side  to  primary  3  phase  line. 

0  infinite  ohms,  00  infinite  ohms.  0C  infinite  ohms. 

B. B.  6FU  installed  External  Exhaust  now  energized  O.K.  yes. 

7FU  Installed  Oscillator  Blower  now  energized  O.K.  yes. 

8FU  installed  Power  Supply  Fan  now  energized  0 . K .  yes . 

9FU  installed  Electrode  Motor  now  moving  electrode  with  main  relay 
energized  and  filament  power  on  O.K.  yes. 

10FU  installed  filament  power  now  on  with  filament  switch  on  O.K.  yes. 
12FU  installed  conveyor  motor  energized  when  main  relay  energized  and 
filament  power  on  and  CB-1  on  O.K. _ yes. 


In  all  above  fuse  tests  indication  only  existed  after  fuse  was  Installed 
O-K.  yes. 


C.C. 


Line  Voltage  meter  on  remote  control 

panel  _ 

O.K.  yes. 

Filament  Volt  Meter  on 

ti 

” 

O.K.  yes. 

Grid  Current  Meter  on  11 

ii 

H  " 

O.K.  yes. 

Plate  Current  Meter  on 

li 

ii  — — 

O.K.  yes. 

Filament  Hour  Meter  on  " 

ii 

n 

5. K.  yes. 

Belt  Speed  indicator  on  “ 

il 

ii 

O.K.  yes. 

External  Dial  indicator  right  of  access  door 

O.K.  yes. 

All  switches  and  pushbuttons  actuated  by  operator  on  or  in  Remote  Control 
Panel  except  Main  Disconnect  Switch  O.K.  yes. 


D.D.  Remove  7FU  only.  Depress  Main  Relay  pushbutton.  Air  flow  Light  extinguished 

O.K. _ yes. 

Turn  Filament  Switch  ON 

Filament  voltage  indicates  zero  volts  O.K.  yes. 

7FU  Installed  above  indications  are  reversed  and  voltage  present 
respectively  O.K. _ yes. 


E.E.  Overload  Mode  Switch  placed  in  the  "single"  position. 

Increase  power  until  the  plate  current  meter  is  in  or  just  enters  the 
red  portion  of  the  meter.  Observe  that  R.F.  power  is  removed  and  that  an 
alarm  bell  energizes  until  the  R.F.  OFF  or  the  EMERGENCY  STOP  pushbutton 
is  depressed  O.K.  yes. 

Observe  that  R.£.  power  is  not  reapplied  O.K.  yes. 


F. F.  Overload  Mode  Switch  placed  In  the  multiply  reset  position. 

Increase  power  until  the  plate  current  meter  is  in  or  just  enters  the 

red  portion  of  the  meter.  Observe  that  R.F.  power  is  removed  for  5  seconds 

then  reapplied  for  three  times  before  the  Alarm  Bell  energizes  O.K.  yes. 

G. G.  Depress  the  R.F.  OFF  or  EMERGENCY  STOP  pushbuttons  Note  the 'Alarm  bell  deener¬ 

gizes  O.K.  yes. 


H.H.  Depress  the  R.F.  ON  or  Main  Relay  and  R.F.  ON  and  the  sequence  in  FF  is  repeated 
again  O.K. _ yes. 


A— 2 


II. 


Conveyor  does  not  run  when  turned  to  the  OFF  switch  position  O.K.  yes. 
Conveyor  belt  moves  toward  the  left  when  in  the  left  position 
O.K.  yes. 

Conveyor  belt  moves  toward  the  right  when  in  the  right  position 
O.K.  yes. 

Dwell  Timer  1$  adjustable  between  0  and  120  seconds  O.K.  yes. 

Turn  the  switch  to  the  automatic  position.  Conveyor  belt  does  not 
move  O.K.  yes.  R.F.  ON  pushbutton  depressed.  R.F.  power 
is  applied  and  the  conveyor  belt  moves  left  to  right  0. K.  yes. 

When  conveyor  belt  right  micro  switch  is  actuated  the  R.P.  power  is 
removed,  the  belt  stops  and  the  dwell  timer  starts  O.K.  yes. 

After  the  preset  time  has  elapsed  the  R.F.  power  is  reapplied  and 
the  conveyor  belt  starts  moving  toward  the  left  O.K.  yes. 

This  cycle  continues  until  the  R.F.  STOP  pushbutton,  or  tne 
EMERGENCY  STOP  pushbutton  is  depressed  O.K.  yes. 

J. J.  With  the  electrode  in  the  full  up  position  and  the  R.F.  power  on 

record  the  frequency  NO  LOAO  96.06  MH_ 

With  R.F.  power  on  lower  the  electrode  to  the  minimum  position  and 
record  the  frequency  92.57  Mll^ 

K. K.  Connect  the  water  calorimeter  to  the  R.F.  oven.  This  water  calorimeter 

consists  of  the  following: 

Flow  meter*.  Input  water  thermometer*.  Output  water  thermometer*, 

Supply  sewage  hoses  (furnished  by  purchaser),  R.F.  Load  Adapter  * 
and  special  hoses  *  (*  loaned  by  W.T.  La Rose  at  the  time  of  final 
approval). 

After  flow  is  stabilized  record  flow _ 3.0  qpm. 

Increase  R.F.  power  until  maximum  plate  current  isQobtained. 

Record  input  water  temperature  22.0  °C  and 

output  water  temperature  _  <5.5  "~C 

Temperature  rise  between  above  zl.5  _C  *  1.3  •  38.7  3F 

(3) _ gpm  x  8.337  x~J  1.16.1  °F)  *  96l7.9  iSTU/min 

967 , 9 _ BTU/min.  x  17.57  *  .  17,006  watts  output 

power  into  water  calorimeter. 

After  flow  is  stabilized  record  flow  3 . 0 _ gpm. 

Increase  R.F.  power  until  maximum  plate  current  's  obtained. 

Record  input  water  temperature  22.0 _ °C  and 


output  water 

temeprature 

46  •  5 

UC 

Temperature  ' 

rise  between  above _ 

24.5 

- «°C  x  1.3  *  43.2  °F. 

(3.0) 

qpm  x  8. 337  x  ( 

129.6 

°c)  *  1080 .  ^BTU/min 

1084.4 

_ BTU/min  x  17.57  * 

13,983.9 

watts  output 

power  (nto  water  calorimeter. 
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After  flow  is  stabilized  record  flow  3.0  _ ^jgpm. 

Increase  R.F.  power  until  maximum  plate  current  is  obtained. 

Record  input  water  temperature  22.0 _ ;C  and 

output  water  temperature  47 , 5  ~:C 

Temperature  rise  between  above  25.5  ~IC  x  1.8  *  45.9  r. 

3.0 _ gpm  x  0.337  x  (  137.7  °F)  » 1148. 6  3Ttj/min. 

1148.0  PTU/min  x  17.57  *  20,170  watts  output 

power  into  water  calorimeter. 


After  flow  is  stabilized  record  flow  3.0  _ gpm. 

Increase  R.F.  power  until  maximum  plate  current  u  obtained. 

Record  input  water  temperature  22.0 _ ”C  and 

output  water  temperature  43.0  ~~C 

Temperature  rise  between  above  26.0  :C  x  1.8  «  46.8  °F. 

(3.0)  gpm  x  3.337  x  (  U6.4  °F)  «  U70.~5  OWmin. 

1170.5  BTU/min  x  17.57  »  20,565.9  watts  output 

power  into  water  calorimeter. 
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ELECTROMAGNETIC  RADIATION  SURVEY  REPORT 


DEPARTMENT  of  the  army 

U.S.  AHMV  CO?  'Wt'JN  i  CAT  IONS— ELEC  ”ROS  ICS 
ENGINEER  JNO  INSTALLATION  AG£SCV 
FORT  HUACH'JCA,  ARIZONA  %56  1  3 


CCC-EMZO-ECD 

SUBJECT:  Electromagnetic  Radiation  Survey,  20  KW  90  MHz  RF  Over. 


Commander 

Arc/  Materials  and  Mechanics  Research  Center 
ATTII :  DRXMR-AR 
Watertown,  MA  02172 


1.  Referenced: 

a.  Letter,  DRXMR-AR,  Army  Materials  and  Mechanics  Research  Center, 

29  Sep  77,  subj :  Electromagnetic  Radiation  Survey,  20  KK,  90  MHs  RE  Oven 
Bceing-fertol ,  Philadelphia,  PA. 

b.  Fonecon  between  Mr.  Saasbol,  CCC-EMEO-SCD  and  Mr.  Levin,  DRXMR-AR, 
21  Sep  77. 

C.  Letter,  CCC-EMEO-ECD,  USACESIA,  6  Oct  77,  subject  as  above. 

d.  Letter,  DRXMR-AR,  Army  Materials  and  Mechanics  Research  Center, 

19  Asg  77,  subject  as  above. 

2.  Reference  Id  was  original  tasking  requesting  this  office  perform  a 
spectrum  analysis  of  the  RF  oven  at  Boeing-Vertol,  Philadelphia,  PA. 
Reference  1c  was  our  report  on  that  survey.  It  also  established  the 
need  fcr  another  trip.  Reference  lb  advised  Mr.  Levin  that  equipment 
and  personnel  would  be  available  during  October.  Reference  la  tasked 
this  office  to  perform  a  seccnc  trip. 

3.  It  was  determined  during  the  first  trip  that  a  true  RF  spectrum 
characterization  of  the  RF  oven  had  not  been  made  because  an  actual 
working  lead  was  r.ot  available  at  that  time.  It  was  net  kfccvr.  what 
changes  in  frequencies  would  occur  during  the  heating  add  curing  process 
of  a  fibarglass/epcxy  composite  lead  although  it  had  been  estimated  that 
the  frequency  -might  vary  between  “3  MKz  and  95  MHz. 

4.  Luring  the  second  trip  a  Hewlett-Packard  141T  Spectrum  Analyzer  was 
U3ed  vet h  a  vertically  polarised  dir.cle  ar.tenr.a  mounted  cr.  a  €  foot 
triced.  Lata  were  taken  z\r  phots  graphing  the  screen  of  the  spectrum 


CCC-EMEO-ECD 
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analyzer  with  a  Polaroid  camera.  The  fundamental  frequency  was  determined 
by  using  the  frequency  counter  supplied  with  the  oven.  This  counter  was 
checked  against  our  own  and  proven  to  be  accurate.  Each  time  the  oven  was 
turned  on  (for  30  -  SO  second  durations) ,  one  or  two  pictures  were  taken 
of  various  portions  of  the  spectrum. 

5.  It  was  found. that  the  levels  varied  rather  substantially  during  each 
short  heating;  therefore,  the  data  (Table  1)  are  presented  in  5  da  incre¬ 
ments  giving  the  median,  range  and  increment  for  each  harmonic.  The  highest 
measured  level  was'  -12  dBm  at  the  5th  harmonic  (456  MHz) .  This  gives  an 
EBP  of  1300  milliwatts  (31.1  dBm) .  With  a  building  attenuation  sf  21  dS 
(estimated  from  Table  5,  reference  lc) ,  this  would  give  an  EBP  of  10.74  aW 
(10.31  dBm)  were  the  source  a  transmitter  outside  the  building.  At  3000 
feet  the  received  level  would  be  -74.6  dBm.  This  level  would  be  detectable, 
but  with  such  low  power  it  is  doubtful  it  would  cause  much  interference  to 
other  users  because  their  power  levels  axe  significantly  higher  and  the 
oven  frequency  is  constantly  changing.  The  highest  measured  level  at  the 
4th  harmonic  (365  MHz)  was  -19  dBm.  This  gives  an  EBP  of  165  milliwatt 
(22.2  dBm).  With  a  building  attenuation  (see  reference  lc,  Table  5)  of 

24  dB,  this  appears  as  an  EBP  of  .66  oW  (-1.8  dBm)  to  receivers  cutside 
the  building.  At  3000  feet  the  received  ievel  would  be  -64.6  dBm.  There 
are  no  ATC  frequencies  or  other  users  within  the  range  362.0  -  363.3  MHz. 

The  majority  of  all  levels  were  below  -30  dBm.  The  EBP  for  each  worst  • 
case  is  given  in  Table  2. 

6.  The  measured  fundamental  frequency  ranged  from  90.52  to  92.03  MHz.  The 
range  of  the  harmonics  is  given  in  Table  3.  As  the  load  heats,  the  frequency 
changes  at  a  rapid  rate,  slowing  down  as  the  load  reaches  higher  temperatures. 
The  fundamental  frequency  generally  tended  to  be  lower  as  the  lead  reached 
and  surpassed  200  degrees  F.  The  median  frequency  was  in  the  range  between 
91.30  and  91.39  KHz,  with  an  average  of  91.26  MEz  and  a  standard  deviation 

of  .4  MHz.  Even  though  there  are  users  in  the  5th  harmonic  range  (452.60  - 
460.40  MEz) ,  the  continuously  changing  frequency  would  sweep  through  the 
user's  receiver  fast  enough  to  causa  him  nothing  but  a  short  burst  of  inter¬ 
ference.  This  would  be  similar  in  tiss  durations  to  what  would  be  experienced 
from  autcaobile  ignition  noise  or  lightning. 

7.  It  is  net  believed  that  any  substantial  interference  will  be  experienced 
by  any  user  in  an  area  within  3000  feet  of  the  oven  location  in  building  307. 
As  stated  in  paragraph  6  above,  if  any  interference  is  experienced ,  it  would 
be  of  very  short  duration  (1  to  2  seconds  or  less)  and  should  cause  no  hard¬ 
ship  to  the  user. 

8.  A  list  of  receiving  facilities  within  a  two  mile  radius  of  building  207 
will  be  forwarded  to  Mr.  MacLeish  under  separate  cover. 
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SUBJECT:  Electromagnetic  Radiation  Survey,  20  KW  90  MHz  RF  Oven 

9.  toy  further  questions  should  be  directed  to  Mr.  Don  Sambol,  602-538-5755/ 
5303  (von  879) . 

FOR  THE  COMMANDER: 


4  incl  MILES  A.  MERKEL 

1-3.  as  Chief,  Electromagnetics  Engr  Office 

4  fwd  sep 

CF: 

Mr.  John  E.  MacLeish,  P61-06  Boeing  Vertoi,  P,  0,  Box  16858,  Philadelphia, 
PA  19142 


TABLE  1 

MEASURED  LEVEL 


HARMONIC 

RANGE 

(dBm) 

Fundamental 

-53 

to 

-33 

2nd 

-52 

to 

-33 

3rd 

-59 

to 

-33 

4th 

-44 

to 

-19 

5th 

-50 

to 

-12 

6th 

-53 

to 

-31 

7th 

-46 

to 

-25 

8th 

-68 

to 

-49 

9th 

-68 

to 

-53 

10th 

-66 

to 

-45 

11th 

-70 

to 

-53 

12  th 

-68 

to 

-63 

13th 

-70 

to 

-69 

NUMBER  OF 
SAMPLES 

13 

17 

31 

30 

27 
26 

28 
29 
28 
28 
26 

65.5  2 

69.5  2 


MEASURED  SIGNAL  LEVELS 

MEDIAN  INCREMENT 
GROUP  (dBm) 


-46 

to 

-50 

-41 

to 

-45 

-46 

to 

-50 

-26 

to 

-30 

-26 

to 

-30 

-41 

to 

-45 

-36 

to 

-40 

-56 

to 

-60 

-56 

to 

-60 

-51 

to 

-55 

-61 

to 

-65 
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ZABLE  2.  EFFECTIVE  RADIATED  POWER  LEVELS 

ER?  -  TO 

WORST  CASE  -  INCLUDE  BUILDING 


HARMONIC 

MEASURED  (dSa) 

ER?  (fflW) 

ATTENUATION  C=W) 

Fundamental 

-33 

.41 

FM  Broadcast  Station 

2nd 

-33 

1.66 

No  Bldg  Attn  Data 

3rd 

-33 

3.70 

.02 

4th 

-19 

165.96 

.68 

5th 

-12 

1300.17 

NO  Bldg  Attn  Data 

6th 

-31 

23.63 

2.42 

7th 

-25 

127.94 

11.40 

8th 

.  -49 

.66 

.004 

9th 

-53 

.33 

.0002 

10th 

-45 

2.61 

.11 

11th 

-53 

.50 

NO  Bldg  Attn  Data 

12th 

-63 

.  .06 

No  Bldg  Attn  Data 

13th 

-69 

.02 

No  Bldg  Attn  Data 

TABLE  3.  RANGE  OP  HARMONIC  FREQUENCIES 


HARMONIC 


Fundamental 

90.52 

— 

92.08 

2nd 

181.04 

- 

184.16 

3rd 

271.56 

- 

276.24 

4th 

.  ,  362.08 

- 

368.32 

5th 

452.60 

- 

460.40 

6th 

543.12 

552.48 

7th 

633.64 

- 

644.56 

8th 

724.16 

- 

736.64 

9th 

814.68 

- 

828.72 

10th 

905.20 

- 

920.80 

11th 

995.72 

- 

1012.88 

12th 

1086.24 

- 

1104.96 

13th 

1176.76 

1197.04 
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APPENDIX  C 

MATERIAL  CERTIFICATION 


l-C-PWO 


RP-1051 


0 

cc: 

with  shipment 

4 

cc: 

J.  T.  Deasey 

1 

cc: 

Cy  Yearwood 

1 

cc: 

Paul  Mi  Ion 

AFFIDAVIT 


STATE  OF  MINNESOTA 


ss. 


COUNTY  OF  RAMSEY 

The  authorized  representative  of  the  Minnesota  Mining  and  Manufacturing  Company,  St.  Paul, 
Minnesota,  whose  signature  is  given  below,  being  first  duly  sworn,  does  depose  and  say  that 
the  "SCOTCHPLY"  Brand  Reinforced  Plastics  Material  described  below,  complies  with  mutually 
agreed  Specifications  and  Purchase  Order  Requirements.  The  Quality  Control  System  complies 
with  all  essential  principles  of  Specifications  MIL- 1-45208 A  and  Ml  L-Q-9858.  Test  reports  and 
traceability  records  will  be  kept  on  file,  available  for  review  by  the  buyer.  Copies  of  3M  Lot 
Acceptance  Data  Reports  and  the  Shipment  Check  List,  as  may  be  required,  are  attached  to  this 
Affidavit 

Customer  Name  and  Plant  Location: 

Customer  Purchase  Order  Number: 

3M  Company  Shipment  Invoice  Number: 

Applicable  Customer  Specification: 

3M  Company  Product  Identification: 

3M  Company  Product  Mfg,  Code: 

Shipment  Summary: 

42  Rolls,  6V'  X  72  Yards.  l*Ply  Uni. 

3M  Lot  Test  Data  is  Attached. 

IR  &  GPC  curves  are  identified  as  S05707,  Lot  83,  Jumbo  50 


Boeing  Co.,  Vertol  Div.,  Eddystone,  PA 
TT  807185 
RP  47932 

BMS-8-196A,  Class  A,  Type  1-1 
Type  SP-250-E-33,  Unidirectional 
W  456,  Lot  7,  Jumbo  50 


Further  this  Affiant  sayeth  not. 
Subscribed  and  sworn  to  before  me  this 


Title:  Supervisor  Quality  Control 
26th__dav  of  March,  1979 


SUPERVISOR  QUALITY  CONTROL 


APPENDIX  D 

QUALIFICATION  ASSURANCE  REPORT 

QUALITY  ASSURANCE  M&P  LABORATORY 
MISCELLANEOUS  TEST  DATA 


30.0% 

30.6% 

Average  * 

30.3% 

□  WET  RESIN 

ConbK  ^  °"Y  "*»"* 

□  CURCO  RESIN 


FLOW 
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THICKNESS 

BARCOL 

HARDNESS 

ORIENTATION 
OF  PLIES 

HEIGHT  BEFORE 
HEIGHT  AFTER 
RESULT 

FOAMED 

APPEARANCE 

WIOTH 

THICKNESS 

LOAD 

PSI 


9.5944 


8.6921 


MATERIEL  IDENTIFICATION: 


3* 
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FLEXURAL  STRENGTH • SPAN: 
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APPENDIX  E 
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Figure  E-19.  Temperature  Printout  for  11th  Constant  Thickness  Section  (0/90°) 
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Figure  E-20.  Temperature  Printout  for  12th  Constant  Thick  new  Section  (Run  Number  Bif  | 
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APPENDIX  H 

INITIAL  TEST  REPORTON  FLEXURAL  AND 
SHORT  BEAM  SHEAR  TESTS  BY  TESTING  LABORATORY 

COPY 

TEST  REPORT 

CINCINNATI  TESTING  LABORATORIES,  INC. 
REPORT  NO.  TI-3405 


FLEXURAL  STRENGTH 


CONTROL 
DATE:  8-16-79 


CUSTOMER:  Boeing  Vertol  Co. 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 
SPECIFICATION:  BMS  8-196A 
PRE  CONDITIONING:  30  min.  @  180°F 
TEST  CONDITION:  180°F 
SPAN  (L)  1.65  L6d  RATIO:  15/1 


Flexural  Strength  (S) 


Modulus  of  Elasticity  (Eg) 


2.475 


1.123 


SUPPORT  RADIUS:  1/8  in. 
NOSE  RADIUS:  1/8  in. 

TEST  SPEED:  0.05  in./min 
SPECIMEN  LENGTH:  4  in. 

Flexural  Strength  in  PSI 
Modulus  of  elasticity  in  PSI  x  10® 
Break  load  in  lb 
Specimen  width  in  inches 
Depth  of  beam  in  inches 
Span  in  inches 

Initial  slope  of  load-deflection  curve 
in  Ib/in. 


Specimen 

(No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lb) 

m 

(Lb/in.) 

(PSI  x 

58 

135,000 

0.110 

1.000 

660 

5,797 

4.89 

72 

122,710 

0.113 

0.992 

628 

5,217 

4.09 

78 

99,030 

0.119 

1.006 

570 

4,918 

3.26 

80 

132,260 

0.112 

1.007 

675 

5,530 

4.39 

82 

130,490 

0.112 

1.004 

664 

5,505 

4.38 

85 

125,620 

0.109 

0.995 

600 

5,042 

4.39 

92 

132,860 

0.108 

1.003 

628 

5,021 

4.46 

94 

128,820 

0.110 

0.994 

626 

5,405 

4.59 

AVG 

125,850 

0.112 

4.31 

Test  Technician: 

J.  Myers 

Approved: 

D.B. 

> * -  2&f-'rv 
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COPY 

TEST  REPORT 

CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO.  TI-3405 

SHORT  BEAM  SHEAR  CONTROL 

DATE:  8- IB- 79 


CUSTOMER:  Boeing  Vertol  Co. 

MATERIAL:  SP250E-33  W-456,  Lot  7,  Jumbo  50 
SPECIFICATION:  BMS  8-196A 
PRE  CONDITIONING:  40  hrs/23°C/50%  RH 
TEST  CONDITION:  23°C/50%  RH 
SPECIMEN  SIZE:  1/4  in.  x  7/8  in. 

SPAN:  0.490  in. 


TEST  SPEED:  0.05  in./min 
L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS: 
Nose  1/8  in. 

Supports  1/16  in. 


S  - 


3P 

4bd 


PSI 


Specimen 

Thickne»-d 

Width-b 

Break  Load 

Shear  Strength 

INo.) 

(In.) 

(In.) 

(Lb)  P 

S  (PSD 

6 

0. 100 

0.251 

307.5 

9,190 

12 

0.095 

0.251 

269.0 

8,460 

27 

0.092 

0.252 

302.0 

9.770 

47 

0.096 

0.248 

309.5. 

9,750 

64 

0.102 

0.249 

326.5 

9,640 

71 

0.108 

0.251 

287.0 

7,940 

79 

a  094 

0.250 

271.0 

8,650 

81 

0.093 

0.251 

268.5 

8,630 

AVG 

0.098 

9,000 

Test  Technician: 

J.  Myers 

Approved:  D.B. 
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TEST  REPORT 

CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO.  TU3405 

FLEXURAL  STRENGTH  CONTROL 

DATE:  8-1  $*79 

CUSTOMER:  Boeing  Vertol  Co. 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  SUPPORT  RADIUS:  1/8  in. 

PRE  CONDITIONING:  40  hrs/23°C/50%  RH  NOSE  RADIUS:  1/8  in. 

TEST  CONDITION:  23°C/50%  RH  TEST  SPEED:  0.05  in./min 

SPAN  (L)  1.66  L/d  RATIO:  18/1  SPECIMEN  LENGTH:  4  in. 


Flexural  Strength  in  PSI 
Modulus  of  elasticity  in  PSI  x  10® 
Break  load  in  lb 
Specimen  width  in  inches 
Depth  of  beam  in  inches 
Span  in  inches 

Initial  slope  of  load-deflection  curve 
in  Ib/in. 


Specimen 

S 

d 

b 

P 

m 

(No.) 

(PSI) 

(In.) 

(In.) 

(Lb) 

(Lb/in.) 

(PSI  x  106) 

5 

192,620 

0.095 

1.008 

708 

4,068 

5.29 

14 

195,120 

0.097 

1.003 

744 

4,181 

5.13 

15 

169,980 

0.066 

1.008 

512 

3,069 

5.38 

28 

176,320 

0.096 

0.987 

648 

4,027 

5.18 

34 

168,270 

a  102 

0.986 

656 

4,651 

4.99 

39 

170,600 

0.085 

1.004 

500 

Z765 

5.04 

41 

198,250 

0.094 

0.989 

700 

4,123 

5.64 

88 

183,100 

0.095 

0.996 

665 

4,040 

5.31 

AVG 

180,530 

0.094 

5.25 

Test  Technician:  J.  Myers 


Approved: 


D.B. 


I  OftRAVKWf  COMM<f  ftSNM 


APPENDIX  I 


PREPREG  PROPERTIES 


VOLATILE  CONTENT 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
TEMP.  OF  OVEN: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Boeing  Vertol  Company 
SP250-E-33  W-456  ,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.1 

325*  F  TIME  IN  OVEN:  10  minutes 

4M  x  6" 

23*  C/50%  R.H . 


RESULTS 


Spec. 

(No.) 

Original 

Weight 

(gms.) 

wt.  After 
Cond. 

(gms.) 

Weight  Loss 
(gms.) 

Volatile 

(%) 

1 

6.3888 

6.3690 

.0198 

.31 

2 

6.3605 

6.3400 

.0205 

.32 

3 

6.4790 

6.4485 

.0305 

.47 

AVERAGE 

.37 

Test  Technician: 


T.  Burns 


_Approved : 


tO.3, 


D.  Browning 


r 


f 


PREPREG  RESIN  CONTENT 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
TEMP.  OF  FURNACE: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.2 

1 050*  F  TIME  IN  FURNACE:  30  minutes 

4"  x  6*' 

23*  C/50*  R.H . 


RESULTS 


Spec. 

(No.) 

Original 

Weight 

(gms.) 

Wt.  .Volatiles 
Removed 
(gms.) 

Wt.  After 
Ignition 
(gms.) 

Loss 
in  Wt. 
(gms.) 

Resin 

Content 

(*) 

1 

6.3888 

6.3690 

4.4000 

1.9690 

30.8 

2 

6.3605 

6.3400 

4.3240 

2.0160 

31.7 

3 

6.4790 

6.4485 

4.4282 

2.0203 

31 .2 

AVERAGE  31.2 


Test  Technician: 


T.  Burns 


_Approved 


1-2 


D.  Browning 


f 


PREPREG  PLY  THICKNESS 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.1 
4"  x  6" 

23*  C/50%  R.H . 


RESULTS 


Specimen 

(No.) 

1 

2 

3 


Thi ckness 
(Mils) 

10.0 


9.5 


9.4 


AVERAGE  9.6 


Test  Technician: 


T/L 

t.  Burns 


^Approved :  Msi 

D.  Browning 


f 
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G L A SS  BASIC  WEIGHT 


DATE:  January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A,  Paragraph  8.2 

SPECIMEN  SIZE:  4"  x  6"  (Resin  content  specimens) 

TEST  CONDITION:  23°  C/50%  R.H. 


RESULTS 

Specimen 

WEIGHT 

BASIC  GLASS 

(No.) 

( gms . ) 

(gms. /ft2) 

1 

4.4000 

26.40 

2 

4.3240 

25.94 

3 

4.4282 

26.57 

AVERAGE 

26.30 

Test  Technician :  /  /S. 


.  Burn: 


_Approved :  iQ, 

D.  Browning  A 


TOTAL  WEIGHT 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Specimen 

(No.) 

1 

2 

3 


Test  Technician: 


DATE:  January  22,  1980 

Boeing  Vertol  Company 
SP250-E-33  W-456,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.1 
4"  x  6" 

23*  C/50*  R.H. 


RESULTS 


WEIGHT 
(gms .) 


PREPREG 
TOTAL  WEIGHT 
(gms. /ft2) 


6.3888 

6.3605 

6.4790 


38.33 

38.16 

38.87 


AVERAGE 


38.45 


^Approved : 


T.  Burns 


D.  Browning 


* 
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GEL  TIME 


CUSTOMER: 

MATERIAL: 


SPECIMEN  SIZE: 


OATE:  January  22,  1980 


Boeing  Vertol  Company 


SP25Q-E-33  W-456,  Lot  7,  Jumbo  50 


SPECIFICATION:  BMS  8-196A,  Paragraph  8.6 

TEMP.  OF  PLATEN:  200°  F. 


V'  x  6M 


RESULTS 

Could  not  remove  enough  resin  from  sample  to  determine 
Gel  Time. 


Test  Technician: 


T.  Burns 


^Approved :_ 

D.  Browning ( 


1 


1-6 


RESIN  FLOW 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
TEMP.  OF  PRESS: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Boeing  Vertol  Company 

SP250-E-33  W-456,  Lot  7,  Jumbo  50 

BMS  8-196A,  Paragraph  8.5 

250*  F  Applied  Pressure:  15  PSI 

4,,  x  4,,  Time  in  Press:  20  minutes 

23°  C/50S  R.H. 


RESULTS 


Specimen 

(No.) 

Ori ginal 
Weight 
(gms. ) 

Final  Wt. 
(gms.) 

Loss  in 
Weight 
(gms. ) 

Resin  Flow 
(*> 

1 

16.7661 

15.8568 

.9093 

5.42 

2 

16.8378 

15.8920 

.9458 

5.62 

AVERAGE 


5.52 


PRESS  CURED  LAMINATE  PHYSICAL  PROPERTIES 


TEST  REPORT 


CINCINNATI  TESTING  LABOHATOWES,  INC. 

0 

REPORT  NO _ T I  ~  3405 _ 


VOID  CONTENT 

DATE:  January  22,  1980 

CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A,  Paragraph  8.3 

LAMINATE:  5  Ply  and  12  Ply 

Void  Content  [%)  V/0  *  100-Fiber  Content- 

Resin  Volume 


RESULTS 


Specimen 

(No.) 

Fiber  Content 
(%) 

Resin  Volume 

— an - 

Void  Content 

— an - 

5  ply 

1 

58.0 

41.8 

0.2 

5  ply 

2 

57.8 

40.6 

1.6 

5  ply 

3 

60.5 

39.4 

0.1 

AVERAGE 

0.6 

12  ply 

1 

50.0 

46.6 

3.4 

12  ply 

2 

51.2 

43.8 

5.0 

12  ply 

3 

50.4 

46.3 

3.3 

AVERAGE  3.9 


Test  Technician: 


T.  Burns 


.Approved:  £)  kS  A&UJ>iov\ 


J-2 


0.  Browning 


tf 


TEST  REPORT 


$J  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  —  TI-3405 _ 


FIBER  CONTENT 

DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 

LAMINATE: 


Boeing  Vertol  Company 
SP250-E-33  W456 ,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.3 

5  ply  and  12  ply  Fiber  Content(X)  V/0  =  ^  x  x  100 


RESULTS 

DG  OS 


Spec. 

(No.) 

WG 

Glass  Ut. 
(gms. ) 

Density 

Glass. 

(gms/CM3) 

Densi ty 
Sample. 
(gms/CMJ) 

WS 

Sample  Wt. 
(gms.) 

Fiber 

Content 

(X) 

5  ply 

1 

2.3283 

2.52 

1.985 

3.1602 

58.0 

5  ply 

2 

2.1979 

2.52 

1.965 

2.9634 

57.8 

5  ply 

3 

2.3176 

2.52 

2.018 

3.0652  -  ' 

60.5 

AVERAGE 

58.8 

12  ply 

1 

2.0872 

2.52 

1.841 

3.0519 

50.0 

12  ply 

2 

2.1953 

2.52 

1.838 

3.1273 

51  .2 

12  ply 

3 

2.0860 

2.52 

1.848 

3.0358 

50.4 

AVERAGE  50.5 


Test  Technician: _ / 


_ 

T .  Burns 


Approved:  & 

D.  Browning 


k 


TEST  REPORT 


A)  CINCINNATI  TESTING  LABORATORIES,  INC. 

Q 

REPORT  NO _ T I  -3405 _ 


RESIN  VOLUME 


DATE:  January  22,  1980 

CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A,  Paragraph  8.3 


LAMINATE 

:  5 

ply  and  12 

ply  Resin 

VolumeU) 

Mi  x  ~  x  100 

DR  X  US  X  UU 

RESULTS 

• 

Spec. 

(No.) 

Resin  Wt. 
(gms.) 

DR 

Densi ty 
Resin, 
(gms/CM3) 

DS 

Density 

Sample, 

(gms/CM3) 

Us 

Wt.  of 
Sample 
(gms.) 

Resin  Volume 
(X) 

5  ply  1 

.8319 

1.25 

1 .985 

3.1602 

41.8 

5  ply  2 

.7655 

1.25 

1.965 

2.9634 

40.6 

5  ply  3 

.7476 

1.25 

2.018 

3.0652 

39.4 

AVERAGE 

40.6 

12  ply  1 

.9647 

1.25 

1.841 

3.0519 

46.6 

12  ply  2 

.9320 

1 .25 

1.838 

3.1273 

43.8 

12  ply  3 

.9498 

1.25 

1.848 

3.0358 

46.3 

AVERAGE 

45.6 

TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO _ TI-3405 _ 


COMPOSITE  DENSITY 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.3 
1  1/2"  x  1  1/2"  (5  ply) 

23*  C  Weight  of  Wire  (W):.8055  (gms.) 


RESULTS 


Spec. 

(No.) 

Dry  Wt. 
(gms ) (a) 

Wt. (gms . ) 
in  H20(b)+W 

SP  Gravity 
(a.) 
a^F 

Densi ty, 
(gms. /CM13) 

(Lbs/in3) 

1 

3.1646 

2.3800 

1.990 

1.985 

.072 

2 

2.9685 

2.2672 

1.970 

1  .965 

.071 

3 

3.0694 

2.3575 

2.023 

2.018 

.073 

AVERAGE 

1.994 

1  .989 

.072 

Test  Technician:  j 

r.  Burns 


Approved: 


J-5 


r 

D.  Browning 


TEST  REPORT 


$1  CINCINNATI  TESTING  LABORATORIES,  INC. 

O 

REPORT  NO _ Tl-3405 - 

COMPOSITE  DENSITY 

DATE:  January  22,  1980 

Boeing  Vertol  Company 
SP250-E-33  W-456,  lot  7,  Jumbo  50 
BMS  8-196A,  Paragraph  8.3 
1"  x  1"  (12  ply) 

23*  C  Weight  of  Wire  (W) :  .8086  (gms.) 


RESULTS 


Spec. 

(No.) 

Dry  Wt. 
(gms) (a) 

Wt.  (gms.) 
in  H20(b)+W 

SP. Gravity 

(  inhr  ) 

Densi ty 
(gms/Cm3) 

(Lbs/in J) 

1 

3.0550 

2.2085 

1.846 

1.841 

•067 

2 

3.1300 

2.2400 

1.843 

1.838 

.066 

3 

3.0394 

2.2073 

1.853 

1.848 

.067 

AVERAGE 

1.847 

1.842 

.067 

CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
SPECIMEN  SIZE: 
TEST  CONDITION: 


TEST  REPORT 

CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO _ T  - 


RESIN  CONTENT 


DATE:  January  22,  1980 

CUSTOMER:  Boeing  Vertol  Company 


MATERIAL 

• 

SP250-E-33 

W-456  ,  Lot  7 

,  Jumbo  50 

SPECIFICATION: 

BMS  8-196A 

,  Paragraph  8 

.3 

TEMP. 

OF 

FURNACE:  1050°  F 

Time  in 

Furnace:  60 

minutes 

SPECIMEN 

SIZE: 

1  1/2"  x  1 

1/2"  (5  ply) 

and  1"  x  1" 

(12  ply) 

Resin  Content  (%)  w/o  *  w-*~->!,g  x 

100 

Specimen 

(No.) 

ws  sample 
Weight 
(gms.) 

wr  Resin 
Weight 
(gms.) 

wg  Glass 

Wei ght 
(gms . ) 

Resin  Content 
(%) 

5  ply 

1 

3.1602 

.8319 

2.3283 

26.3 

5  ply 

2 

2.9634 

.7655 

2.1979 

25.8 

5  ply 

3 

3.0652 

.7476 

2.3176 

24.4 

AVERAGE  25.5 

12  ply 

1 

3.0519 

.9647 

2.0872 

31.6 

12  ply 

2 

3.1273 

.9320 

2.1953 

29.8 

12  ply 

3 

3.0358 

.9498 

2.0860 

31.3 

AVERAGE  30.9 


TEST  REPORT 


fll  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO - IlrlifOS _ 


LAHINATE/PLY  THICKNESS 


DATE:  January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 


SPECIFICATION: 

BMS  8-196A 

,  Paragraph  8.4 

SPECIMEN  SIZE: 

3“  x  12" 

(5  ply)  6"  x  7  1/2" 

(12  ply) 

TEST  CONDITION: 

23°  C/505! 

R.H. 

• 

RESULTS 

Reading 

Laminate 

Thickness 

Ply  Thickness 

(No.) 

(Mils) 

(Mils) 

U  21X. 

5  ply 

12  ply  5  ply 

1 

102 

54 

2 

101 

50 

3 

113 

43 

4 

111 

42 

5 

no 

44 

AVG. 

107 

47 

8.9  9.4 

APPENDIX  K 


ROCKWELL  HARDNESS 


customer:  Boeing  Vertol  Company  Date:  January  22,  1980 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50(Panel  No.  1  constant  thick 

Specification.  ASTM  D785-65 

Pre-Conditioning:  40  hrS./23  C/502  R.H. 

Test  Condition:  23  C/502  R.H. 

Specimen  Size:  5  3/4"  X  37  1/2" 

Scale:  M  Penetrator:  Load:  100  Kg. 

1/4"  ball 

{  Specimen 
j  (No.) 

Hardness 

Reading 

(H) 

r 

Thickness 

(in.) 

No.  of 
Pieces 

I 

i  i 

l _  _ _ 

98 

.102 

1 

r  2  ^ 

102 

.094 

1 

3 

100 

.091 

1 

I  4 

.99 

.096 

1 

f 

!  5 

87 

.089 

1 

6 

92 

.092 

1 

7 

99 

.094 

1 

8 

95 

.096 

1 

9 

87 

.095 

1 

,0 

97 

.101 

1 

Avg.  H  =  96 

Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES ,  INC. 
417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician 


Approved: 

K-l 


D.  Browning 


CUSTOMER: 

Material: 

Specification: 
Pre-Conditioning: 
Test  Condition: 
Specimen  Size: 
Scale:  M 


Specimen 

(No.) 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  2  constant  thick.) 

ASTM  0785-65 
40  hrs./23°  C/503!  R.H. 

23*  C/50%  R.H. 

5  3/4"  x  38  1/2" 

Penetrator:  Load:  1 00  Kg . 

1/4"  ball 


Hardness 

Reading 

(H) 

Thickness 

(in.) 

No.  of 
Pieces 

74 

.045 

1 

74 

.044 

1 

58 

.046 

1 

64 

.045 

1 

81 

.044 

1 

72 

mssm 

1 

78 

.045 

1 

82 

.046 

1 

83 

■HI 

1 

76 

.044 

1 

Avg.  H 


Respectfully  Submitted 

CINCINNATI  TESTING  LABORATORIES,  INC. 
417  NORTHLAND  ROAD 
CINCINNATI.  OHIO  45240 


Ten  Technician 


R.  Bushelman 


Approved: 


D.  Browning 


CUSTOMER: 

Material: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  3  constant  thick.) 
Specification:  ASTM  D785-65 


Pre-Conditioning:  40  hrS./23*  C/50%  R.H. 

Test  Condition:  23  C/50%  R.H. 

Specimen  Size:  5  3/4“  X  37  1/2" 


% 


Scale:  M 


Penetrator:  Load:  100  Kg. 

1/4"  ball 


Specimen 

(No.) 

Hardness 

Reading 

(H) 

Thickness 

(in.) 

No.  of 
Pieces 

1 

79 

.096 

1 

2 

I 

78 

.087 

1 

1  3 

73 

.103 

1 

j  4 

61 

.089 

1 

• 

83 

.094 

1  ! 

!  6 

84 

.096 

• 

l  ! 

1  7 

89 

.091 

i 

1 

1 

8  ! 

78 

.101 

1 

.  .  9  ! 

87 

.094 

1 

10 

—  ■■■■ _ 

78 

.096 

1 

% 


Avg.  H  »  79 


Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES ,  INC. 

417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician'. 


R.  Bushelman 


Approved: 

K-3 


faQ.  & yr-> 

0.  Browning  f) 


I 


Scale:  M  Penetrator:  Load:  100  Kg. 

1/4"  ball 


Specimen 

(No.l 

Hardness 

Reading 

(HI 

Thickness 

(in.) 

No.  of 
Pieces 

1 

.  73  _ 

.045 

1 

1  • 

2 

71 

.047 

1 

3 

.9° 

.045 

1  ... 

4 

79 

.046 

1 

5 

89 

.044 

1 

f 

6 

83 

.045 

1 

7 

91 

.045 

1 

8 

90 

.044 

1 

9 

79 

.046 

1 

10 

89 

.046 

1 

Avg.  H  *  83 

1 


Respectfully  Submitted 

CINCINNATI  TESTING  LABORATORIES,  INC. 

417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician:. 


f-SJi 


R.  Bushelman 


Approved:. 


K-4 


D.  Browning 


CUSTOMER: 

Material: 

Specification: 
Pre-Conditioning; 
Test  Condition: 
Specimen  Size: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  2  wedge  section) 

ASTM  0785-65 

40  hrs./23*  C/502  R.H. 

23°  C/502  R.H. 

5  7/8"  x  12  1/2" 


Scale:  M  Penetrator:  Load:  100  Kg. 

1/4"  ball 


1 - 

i  Specimen 
|  (No.) 

H*rd"ess  j  Thickness 

"ST*  !  Ii"-1 

No.  of 
Pieces 

!  i 

95  1  .052 

1 

* 

!  2 

84  |  .051 

1 

3 

76  !  .051 

1  . 

4 

80  !  .052 

1 

i  5  i  85  .051 

1 

r  R 

6 

81  i  .050 

1 

I  7  83  !  .052 

8  !  87  !  .052 

1 

9  !  79  !  .051 

1 

10 

81  .051 

1 

Avg.  H  =  83 

Respectfully  Submitted 

CINCINNATI  TESTING  LABORATORIES,  INC. 

417  NORTHLANO  ROAD 
CINCINNATI,  OHIO  45240 


iOAa  jo  J  j  /f 


Test  Technician _ 


u-she  lman 


Approved: 

K-5 


D.  Browning 


CUSTOMER: 
Material : 

Specification: 
Pre-Conditioning. 
Test  Condition: 
Specimen  Size: 
Scale:  M 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456 ,  Lot  7,  Jumbo  50  (Panel  No.  2A  wedge  section) 
ASTM  D785-65 
40  hrs./23°  C/50%  R.H. 

23*  C/50X  R.H. 

5  7/8"  x  12  1/2" 

Penetrator:  Load:  100  Kg. 

1/4"  ball 


Specimen 

(No.) 

Hardness 

Reading 

(H) 

Thickness 

(in.) 

No.  of 
Pieces 

1 

64 

.051 

1 

i 

2 

52 

.052 

1 

3 

62 

.050 

1 

9 

76 

WKGM 

1 

10 

70 

.051 

1 

CUSTOMER: 

Material: 


Specification : 
Pre-Conditioning. 
Test  Condition: 
Specimen  Size: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  3  wedge  section) 
ASTM  D785-65 
40  hrs./23°  C/50%  R.H. 

23*  C/50%  R.H. 

5  7/8"  x  18  1/2" 


Scale:  M  Penetrator:  Load:  100  Kg. 

1/4“  ball 


mmmm 

Hardness 

Reading 

(H) 

1  ’ 

96 

!  .096 

1 

1 

i 

1 

ii 

!  2 

91 

.091 

1 

i  3 

94 

.088 

1  ... 

|  4  i 

101 

.094 

1 

1 

!  5  i 

104 

.092 

1  i 

6  |  99  1 

.104 

1 

;  7  i 

98  i 

.098 

1 

8  i 

92  ! 

.092 

1 

■  9  ! 

97  ! 

.094 

_  1  ; 

I  10 

90 

.089 

]  j  Avg.  H  *  96 

Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES,  INC. 

417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician' 


R.  Bushelman 


Approved: 

K-7 


D.  Browning 


6 


TEST  REPORT 


fji  CINCINNATI  TESTING  LABORATORIES,  INC. 

9 


REPORT  NO. 


TI-3405 


ROCKWELL _  HARDNESS 


CUSTOMER: 
Material : 

Specification: 
Pre-Conditioning. 
Test  Condition: 
Specimen  Size: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456 ,  Lot  7,  Jumbo  50  (Panel  No.  3A  wedge  section) 

ASTM  D785-65 
40  hrs./23°  C/50*  R.H. 

23*  C/50*  R.H. 

5  7/8”  x  18  1/2” 


Scale:  M  Penetrator:  Load:  100  Kg. 

1/4"  ball 


Specimen  1  H»rd™*s 

(No.)  !  • 

Thickness 

(in.) 

No.  of 
Pieces 

1 

92 

.091 

1 

2 

91 

.096 

1 

3 

101 

.094 

1 

4 

104 

.102 

1 

5 

103 

1 

6 

100 

.088 

1 

— 

7 

99 

.087 

1 

8 

89 

.093 

1 

9 

94 

.098 

1 

10 

_ 91 _ 

_ ] _ 

Avg.  H  *  96 

Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES,  INC. 
417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician:. 


R.  Bushelman 


Approved: 

K-8 


If 


D.  Browning 


CUSTOMER: 

Material: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  4  wedge  section) 

Specification:  ASTM  0785 ”65 


Pre-Conditioning: 


40  hr*./23*  C/50*  R.H. 


Test  Condition:  23*  C/50*  R.H. 

Specimen  Site:  5  7/8"  X  31  1/2" 


Scale:  M  Penetrator.  Load:  100  Kg. 

1/4"  ball 


Specimen 

(No.) 

Hardness 

Reading 

(H) 

Thickness 

(in.) 

No.  of 
Pieces 

1 

72 

.052 

1  .... 

I  2 

86 

.051 

1 

i  3 

76 

.050 

1 

4 

74 

.050 

1 

1 

!  5 

85 

.051 

1 

i  6 

74 

.050 

1 

i  7 

OO 

.051 

1 

8 

93 

.052 

1 

9 

92 

.052 

1 

10 

_ 

81 

.051 

1 

Avg.  H  »  82 

Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES ,  INC. 
417  NORTHLAND  ROAD 
CINCINNATI.  OHIO  45240 


Test  Technician 


Approved: _ 

K-9 


D.  Browning 


R.  Bushelman 


CUSTOMER: 

Material: 

Specification: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  4A  wedge  section) 

ASTM  D785-65 


Pre-Conditioning. 
Test  Condition: 
Specimen  Size: 
Scale:  M 


40  hrs./23  C/50%  R.H . 

23°  C/50X  R.H. 

5  7/8"  x  31  1/2" 

Penetrator:  Load:  100  Kg, 

1/4"  ball 


i  Specimen 
|  (No.)  * 

Hardness 

Reading 

<H) 

Thickness 

(in.) 

No.  of 
Pieces 

i 

92 

.051 

1 

2 

90 

.050 

1 

3 

82 

”  ' 

.052 

1 

4 

94 

.052 

1 

5 

89 

.051 

1 

!  6 

91 

.050 

1 

7 

85 

.050 

1 

_  8  -J  86 

.052 

1 

9  !  94 

.051 

1 

10 

91 

.051 

1 

Avg.  H 


89 


Respectfully  Submitted 


CINCINNATI  TESTING  LABORATORIES,  INC. 
417  NORTHLAND  ROAD 
CINCINNATI,  OHIO  45240 


Test  Technician 


R.  Bushelman 


Approved: 


0.  Browning  7\ 


CUSTOMER: 
Material : 

Specification: 
Pre-Conditioning: 
Test  Condition: 
Specimen  Size: 
Scale:  M 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Panel  No.  5  wedge  section) 

ASTM  D785-65 

40  hrs  ./23*  C/50*  R.H. 

23*  C/50*  R.H. 

5  7/8"  x  31  1/2" 

Penetrator:  Load:  100  Kg. 

1/4"  ball 


customer:  Boeing  Vertol  Company  Date:  January  22,  1980 

Material:  SP250-E-33  W-456  ,  Lot  7,  Jumbo  50  (Panel  No.  5A  wedge  section) 

Specification:  ASTM  D785-65 

Pre-Conditioning:  40  hfS./23  C/50%  R.H. 


Test  Condition: 
Specimen  Size: 
Scale:  M 


Specimen 
(No.  I 


23  C/50%  R.H. 

5  7/8"  x  31  1/2" 


Penetrator: 

1/4"  ball 


Load:  100  Kg. 


Hardness 

Reading 

(H) 


APPENDIX  L 
FATIGUE  DATA 


mmmmm 


FATIGUE  (±45* ) 

customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456  ,  Lot  7  ,  Jumbo  50 

Type  Test:  Tens  1  on -Tens i  on 

Frequency:  1800  CPM 

Specimen  Type:  Figure  5 

Specification:  BMS  8-196A 


R 

Pane 

(No. 

Max. 

1  Stress 

1  (KSI) 

Static 

Stress 

(KSI) 

Dynamic 

Stress 

(KSI) 

Cycles  x  10** 

Width 

(in.) 

Thickness 

(in.) 

Remarks 

- 

1  -F 

2 

11.11 

6.11 

mm 

30 

.990 

.063 

Fai 1 ure 

m 

2 

11.11 

6.11 

warn 

45 

.995 

.061 

Fail ure 

m 

H 

5.62 

4.60 

552 

.995 

.069 

Failure 

B 

Hi 

10.22 

5.62 

4.60 

1,370 

.993 

.070 

Fai 1 ure 

m 

4A 

9.33 

5.13 

4.20 

HH9 

.995 

.069 

Fail ure 

m 

9.33 

5.13 

4.20 

1  ,532 

.994 

.070 

Fail ure 

i 

m 

■HH 

3.50 

BSH 

.061 

Run-out 

8-F 

2A 

7.78 

4.28 

3.50 

*10,088 

.990 

.059 

Run-out 

» 

i  ■  ■ 

i 

> 

NOTE:  All  specimens  are  from  constant  thickness  section 
♦No  Failure 


Date:  January  22,  1980 
R  Ratio:  0.10 

Pre-Conditioning:4Q  hrS/23*C/503»RH 

Test  Condition:  23  C/50X  R.H. 

Test  Equipment:  Sate C  SF-1U 
S/N  1131 


L-l 


OGANl THMIC 


CYCLES 


FATIGUE  (0  ) 


CUSTOMER : 
Material: 
Type  Test: 
Frequency: 


Boeing  Vertol  Company  Date:  January  22,  1980 

SP25Q-  E-33  W-456  ,  Lot  7,  Jumbo  50_E_Ratio-  0.10 


Type  Test:  Tension-Tension 

Frequency:  1800  CPM 

Specimen  Type:  Figure  5 

Specification:  BMS  8-196A 


Max.  Static 

e  Stress  Stress 

.  (KSI)  (KSI>  |  IKSI) 


28.00 


22.00 


62.22  34.22 


48.89  26.89 


Pre  Conditioning.40  hrS/23  C/50%  R.l 

Test  Condition:  23  C/50%  R.H. 

Test  Equipment:  SateC  SF-1U 
S/N  1121 


4-A 

62.22 

34.22 

28.00 

Fail ure 

Cycles  x  10^ 


374 


7.887 


2 


03 


Thickness 

(in.) 


Remarks 


1 

Wedge  Section  | 

Wedqe  Section 

, 

Wedqe  Section 

I 

Wedqe  Section  i 

.500 

.050 

.500 

.045 

.502 

.043 

Wed 


onstant  ] 
Thick. Section  1 


Constant  j 
Thick. Section  i 


mmmmm 


►«»»  •  HlWHy — -  TT^n M  <«■  -,-r.^ 


APPENDIX  M 


RF  CURED  LAMINATE  MECHANICAL  PROPERTIES 


3W  =  No.  3  Section  of  Wedge  Panel 
5W  s  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


TEST  REPORT 


0  CINCINNATI  TESTING  LABORATORIES,  INC. 


REPORT 


Mn  TI-3405 

SHORT  BEAM  SHEAR 

CONTROL 


DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 


BMS  8-196A 


PRE  CONDITIONING:  30  Min.  @  -65  F 
TEST  CONDITION:  -65°  F 

SPECIMEN  SIZE:  1/4"  X  7/8" 

SPAN:  .500" 


TEST  SPEED:  .05  in. /Min. 

L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS:  !?0Se  1{8", 

Supports  1/16 


Break  Load 
(Lbs.)  P 


Shear  Strength 
S  (PSI) 


Spec iwen 
(No.) 


9 


20  (3W) 


23  (3W) 


36  (SW) 


49 (SAW) 


5  3  (SAW) 


65  (SAW) 


92  (3AW) 


AVG. 


13,590 


12,400 


Tost  Technician  :  '  . 

Approved:  (S) <  tC'-v'-' 

T.  Burns 

K-3  D.  Browning  < 

5 

3W  s  No.  3  Section  of  Wedge  Panel 
5W  *  No.  5  Section  of  Wedge  £anel 
5AW  =  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


M-4 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC . 

REPORT  NO _ T  1-340  5  _ 


SHORT  BEAM  SHEAR 
CONTROL 


DATE:  January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456  ,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  TEST  SPEED: 

PRE  CONDITIONING:  40  h r S . /2 3 ° C/ 50 %  R.H.  L/D  RATIO:  5/1 

TEST  CONDITION:  23°  C/50%  R.H.  LOAD  POINT 

SPECIMEN  SIZE:  1/4"  x  7/8" 


LOAD  POINTS  RADIUS: 


in. /Min. 
e  Nose  1/8" 


Supports'  1/16 


Specimen 

(No.) 


6  (3W 


1  2  (3W 


2  7  ( 5W ) 


47  (5W) 


31 (3AW) 


AVG. 


360.0 


298.0 


343.5 


314.0 


Shear  Strength 
S  (PSD 


8.940 


9  ,910 


9,380 


395.0 

10  ,970 

357.5 

10  .430 

370.0 

1 1 ,330 

10 ,180 


Test  Technician: 


Bushel  man 


Approved:  kD{  , 


D.  Browning 


3W  =  No.  3  Section  of  Wedge  Panel 
5W  =  No.  5  Section  of  Wedge  Panel 
5AW  =  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

0 

REPORT  NO _ TI-3405 _ 


SHORT  BEAM  SHEAR 


CONTROL 


DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL : 
SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  SIZE: 
SPAN:  .500" 


Boeing  Vertol  Company 


SP250-E-33  W-456  , 
BMS  8-196A 

30  Min.  0  180°  F 
180°  F 
1/4"  x  7/8" 


Lot  7,  Jumbo  50 

TEST  SPEED:  .05  in. /Min. 

L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS:  JjoSe 

Supports  1/16 


S 


3P 

4bd 


PSI 


Spec imen 
(No.) 

Thickness-d 

(in-) 

Width-b 

(In.) 

Break  Load 
(Lbs.)  P 

Shear  Strength 

S  (PSI) 

mm 

.102 

.251 

205.0 

6010 

1 

.  096 

.251 

251.5 

7830 

17  (3W) 

.098 

.246 

224.5 

6980 

25  (SW) 

.105 

.250 

2  77.0 

7910 

30  (5W) 

.106 

.252 

278.0 

-.7310 _ 

40  (5W) 

.108 

.246 

275.5 

7780 

50  (5AW) 

.105 

.250 

2.5 (Li) _ 

--nin _ 

88  <3  A“> 

.098 

.249 

229.0 

7040 

AVG. 

.102 

7330 

D.  Browning 


est  Technician: 


3W  *  No.  3  Section  of  Wedge  Panel 
5W  =  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


TEST  REPORT 

CINCINNATI  TESTING  LABORATORIES ,  INC. 

REPORT  NO _ T.I..~34Q5 - 


SHORT  BEAM  SHEAR 
OIL  SOAK* 


DATE:  January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  TEST  SPEED:  .05  in. /Min. 

PRE  CONDITIONING:  30  Min.  @  -65*F  L/D  RATIO:  5/1 

TEST  CONDITION:  -65*  F  LOAD  POINTS  RADIUS Jpp0 J.(s " 

SPECIMEN  SIZE:  1/4"  X  7/8" 

SPAN:  .500" 


in. /Min. 

Q  Nose  1/8" 
a'Supports  1/16 


♦Immersed  7  days  in  Mil-H-83282  hydraulic  fluid  @  160  F, 

ip  removed  and  MEK  wiped. 


Specimen 

(No.) 


Thickness-d 


Width-b 


38 

(5W) 

55 

(5AW) 

59 

(5AW) 

63 

(5AW) 

CM 

(5AW)  j 

5 


AVG. 


361.0 


396.0 


Shear  Strength 
S  (PSI) 


397.0 

11  ,720 

486.5 

13,590 

10.490 


10.180 


11  ,530 


11  ,900 


Test  Technician 


Approved 
us  he  1  man  m.q 


Brown  mg 


V  *"P  Ul  ..  .1  I  III  RQP 


.1.  ^  1  J i^^uppmv 


3W  *  No.  3  Section  of  Wedqe  Panel 
5W  3  No.  5  Section  of  Wedge  Panel 
5AW  =  No.  5A  Section  of  Wedge  Panel 
3AW  3  No.  3A  Section  of  Wedge  Panel 


M-10 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  TI-3405 _ 


SHORT  BEAM  SHEAR 


OIL  SOAK* 

DATE:  January  22,  1980 

CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  TEST  SPEED:  .05  in. /Min. 

PRE  CONDITIONING: 30  Min.  @  23*C/50%  R.H.^/D  RATIO:  5/1 

TEST  CONDITION:  23°  C/50%  R.H.  LOAD  POINTS  RADIUS: Supports'  1/16 

SPECIMEN  SIZE:  1/4"  x  7/8" 

SPAN:  .500" 


*Immersed  7  days 


in  Mil-H-83282  hydraulic 


S 


3P 

4bd 


PSI 


fluid  @  160°  F,  removed 
and  MEK  wiped. 


Spec imen 
(No.) 

Thickness-d 

(In.) 

Width-b 

(In.) 

Break  Load 
(Lbs.)  P 

Shear  Strength 

S  (PSI) 

_ 1  Mw) 

.107 

.251 

362.0 

10,110 

■an 

.098 

.251 

322.5 

9  ,830 

24  (3W) 

.099 

.250 

337.5 

10  ,230 

32  (5W) 

.106 

.250 

331.0 

9.370 

mam 

.109 

.254 

293.5 

.  ...  .2-1.950 _ 

57  (5AW) 

.108 

.251 

375.5 

10.390 

60  (5AW) 

.107 

.250  _ 

310^.0 _ 

S-fiqn _ 

90  (3AW) 

.  .099  _ 

.  248 

30_1_._5_ 

9  ,210 

AVG. 

.104 

9,470 

>st  Technician: 


Approved: 

Bushelman 


U>.& 


Browning 


{ 


rA. 


5W  *  No.  5  Section  of  Wedge  Panel 
5AW  5  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


M-12 


TEST  REPORT 


fil  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO _ TI  -3405 _ 


SHORT  BEAM  SHEAR 
OIL  SOAK* 


DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL : 

SPECIFICATION:  BMS  8-1 96A 

PRE  CONDITIONING: 30  Min. @180 
TEST  CONDITION:  180°  F 
SPECIMEN  SIZE:  1/4"  X 

SPAN:  .500" 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 

TEST  SPEED:  .05  in. /Min. 

F  L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS 


7/8" 


'Supports  1/16" 


♦Immersed  7  days  in  Mi  1 - H - 83282  hydraulic  fluid  @  160  F, 


S  = 


3P 

4bd 


PSI 


removed  and  MEK  wiped. 


(  Specimen 
(No.) 

Thickness-d 

(In.) 

Width-b 

(In.) 

Break  Load 
(Lbs.)  P 

Shear  Strength 

S  (PSI) 

^  31  (5W) 

.108 

.250 

283.5 

7880 

1  42  (5W) 

> 

.107 

.253 

299.0 

8280 

I - 

51  (5AW) 

.105  , 

.251 

291.0 

82  80 

I  58  (5AW) 

.104 

.251 

260.0 

7470 

61  (5AW) 

.107 

.253 

285.0 

7900 

1 - 

1  67  (SAW) 

.099 

.248 

.  afton _ 

l  74  (3AW) 

.105 

.252 

259.5 

...  L&Q _ 

| - u-r - 

91  (3AW) 

.099 

.254 

227.0 

6770 

1  AVG. 

.104 

7840  1 

T 


Test  Technician: 


R.  Bushelman 


Approved : 
M-13 


aJ^i 

0.  Browning 


3W  *  No.  3  Section  of  Wedge  Panel 
5W  ■  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 
3AW  =  No.  3A  Section  of  Wedge  Panel 


M-14 


TEST  REPORT 


jjl  CINCINNATI  TESTING  IA BORA  TORIES,  INC. 

o 

report  no.  TI-3405 _ 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 


SHORT  BEAM  SHEAR 
WATER  BOIL* 

DATE:  January  22,  1980 

Boeing  Vertol  Company 

SP250- E-33  W-456,  Lot  7,  Jumbo  50 

BMS  8- 196 A  TEST  SPEED:  .05  in. /Min. 


PRE  CONDITIONING:  30  Min.  @  -65  F 
TEST  CONDITION:  _65*  F 

SPECIMEN  SIZE:  ]/4"  x  7/8" 

SPAN:  .500" 

*2  hrs.  in  boiling  distilled  water 

MI 


L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS: NOSe  1/8" 

Supports  1/16" 


J 


1  Specimen 
(No.) 

Thickness-d 

(In.) 

Width-b 

(In.) 

Break  Load 
(Lbs.)  P 

Shear  Strenath 

S  (PSI) 

1  1  (3W) 

.105 

.252 

426 

12  .070 _ 

1  18  ( 3W) 

.098 

.249 

428 

13.150 

| - 

28  (5W) 

.106 

.251 

500 

14.090 

|  29  (5H) 

.105 

.251 

45R 

13,030 

37  (5W) 

.104 

.249 

320 

_ Li£ZQ _ 

•  48  (5W) 

.102 

.251 

410 

12.010 _ 

j  52  (5AW) 

— 

.105 

.252 

_ ifcfl _ 

13.040 _ 

80  <3A"> 

.100 

.247 

468 

14,210 

1  AVG . 

.103 

12,610 

Test  Technician: 


R.  Bushelman 


Approved: 

M-15 


S' 

3.  Browning 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 


REPORT  NO _ TI-3405 


SHORT  BEAM  SHEAR 
WATER  BOIL* 


DATE:  January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  8MS  8-196A  TEST  SPEED:  .05  in. /Min. 

PRE  CONDITIONING :30  Min.@  23*C/502  R.H.  L/D  RATIO:  5/1 

TEST  CONDITION:  23°  C/50%  R.H.  LOAD  POINTS  RADIUS :Nose  1/8." 

Supports  1/16 

SPECIMEN  SIZE:  1/4''  x  7/8" 

SPAN:  .500" 

*2  hrs.  in  boiling  distilled  water 


Specimen  I  Thickness-d 


Width-b 


Break  Load 
(Lbs.)  P 


Shear  Strength 
S  (PSI) 


5W  =  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


M-18 


TEST  REPORT 


$1  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  TI-34Q5 _ 


CUSTOMER: 
MATERIAL : 
SPECIFICATION: 


SHORT  BEAM  SHEAR 
WATER  BOIL* 

DATE:  January  22,  1980 

Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A  TEST  SPEED:  .05 


PRE  CONDITIONING:  30  Min.  @  180  F 
TEST  CONDITION:  180  F 


SPECIMEN  SIZE: 
SPAN:  .500“ 


1/4“  x  7/8" 


in. /Min. 

L/D  RATIO:  5/1 

LOAD  POINTS  RM>IUS=s2ppoJ«"l/16- 


*2  hrs.  in  boiling  distilled  water 


s  -  &  PSI 


■ Specimen 
(No.) 

Thickness-d 

(In.) 

Width-fa 

(In.) 

Break  Load 
(Lbs.)  P 

Shear  Strength 

S  (PSI) 

34  (5W) 

.110 

.251 

171.5 

4660 

|  43  (5W) 

.095 

.251 

.  196^.0 _ 

616C 

r 

46  (5W) 

.101 

.252 

213.5 

6290 

|  54  (5AW) 

.106 

.250 

241.5 

6830 

69  (5AW) 

.109 

.249 

236.0 _ 

6520 

1  76  ( 3AW) 

.108 

.252 

208.0 

5730 

.098 

.248 

164.5 _ 

5030 

j  84  (3AW) 

95  (3AW) 

.098 

.252 

208.5 

6330 

AVG . 

.103 

5950  ' 

Test  Technician: 


R.  Bushelman 


Approved : 
M-19 


0.  Browning 


c 


3W  =  No.  3  Section  of  Wedoe  Panel 
5W  *  No.  5  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 
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TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 


REPORT  NO. 


TI-3405 


SHORT  BEAM  SHEAR 

TEMPERATURE  EXPOSURE* 


DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 


Boeing  Vertol  Company 
SP250-E-33  W-456,  Lot  7,  Jumbo  50 


SPECIFICATION:  BMS  8- 196 A 

PRE  CONDITIONING:  30  Min.  @  -65°  F 
TEST  CONDITION:  -65*  F 

SPECIMEN  SIZE:  1/4"  X  7/8" 

SPAN:  .500" 


TEST  SPEED:  .05  in. /Min. 

L/D  RATIO:  5/1 

LOAD  POINTS  RADIUS:!®**  li?". 


Supports  1/16 


a 

*1000  hrs.  9  180  F  in  a  horizontal  position 


Spec  linen 


2  (3W) 


Thickness-d 

(In.) 


Width-b 
(in. ) 


Break  Load 
(Lbs.)  P 


438.0 


498.5 


447.5 


Shear  Strength 
S  (PSI) 


14,050 


12,350 


12,770 


11,620 


13,070 


10,050 


11  ,420 


12,200 


Test  Technician 


Approved 

usneTman  „ 


:  (0,3, 


0.  Browning 


3W  *  No.  3  Section  of  Wedoe  Panel 
5W  =  No.  5  Section  of  Wedoe  Panel 
5AW  =  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


M-22 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

O 

REPORT  NO.  TI  -3405 _ 

SHORT  BEAM  SHEAR 
TEMPERATURE  EXPOSURE* 

DATE:  January  22,  1980 

CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  TEST  SPEED:  .05  in. /Min. 

PRE  CONDITIONING:  30  Min.  @  23*C/50%  R.H£/D  RATIO:  5/1 

TEST  CONDITION:  23°  C/50%  -R  .H .  LOAD  POINTS  RADIUS^JjppQ^s^  j }  6 

SPECIMEN  SIZE:  1/4"  X  7/8" 

SPAN:  .500" 

*1000  hrs.  @  180  F  in  a  horizontal  position 


Soecimen 

Thickness-d 

‘(No.) 

(In.) 

Width-b 


10 


3 


26 


44  (5M 


45  (5W 


68  (5AW) 


83  (3AW 


85  (3AW 


AVG. 


Break  Load 
(Lbs.)  P 


Shear  Strength 
S  (PSI) 


9.890 


10,050 


10  ,280 


Test  Technician: 


R.  Bushelman 


Approved :  _  /jj/i 

-23  0.  Browning 


3W  *  No.  3  Section  of  Wedge  Panel 
5W  *  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 
3AW  *  No.  3A  Section  of  Wedge  Panel 


M-24 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO.  . . II  -  .3405 _ 


SHORT  BEAM  SHEAR 
TEMPERATURE  EXPOSURE* 

DATE: 

customer:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-196A  TEST  SPEED: 

PRE  CONDITIONING:  30  Min.  @  180*  F  L/D  RATIO: 
TEST  CONDITION:  180°  F 

SPECIMEN  SIZE:  1/4"  X  7/8" 

SPAN:  .500" 


January  22,  1980 


.05 

5/1 


in . /Min . 


LOAD  POINTS  RADIUS :«ose  1/8-'  ,,, 

Supports  1/16 


*1000  hrs.  @  180  F  in  a  horizontal  position 

3P 


S  = 


4bd 


PSI 


•  t. 


3AW  *  No.  3A  Section  of  Wedge  Panel 

1CT  *  No.  1  Section  of  Constant  Thickness  Panel 

3CT  *  No.  3  Section  of  Constant  Thickness  Panel 
M-26 


TEST  REPORT 


i 


CINCINNATI  TESTING  LABORATORIES,  INC. 


REPORT  NO. 


TI-3405 


I 

I 


FLEXURAL  STRENGTH 
CONTROL 


DATE:  January  22,  1980 


CUSTOMER: 

Boeing  Vertol  Company 

MATERIAL: 

.  SP250-E-33  W-456 ,  Lot  7, 

Jumbo  50 

SPECIFICATION: 

BMS  8-196A 

o 

SUPPORT 

RADIUS: 

1/8“ 

PRE  CONDITIONING: 

30  Min.  9  -65  F 

NOSE 

RADIUS: 

1/8" 

TEST  CONDITION: 

-65°  F 

TEST  SPEED: 

.04 

SPAN  (L)  1-5 

L/d  RATIO:  17/1 

SPECIMEN 

LENGTH: 

4" 

Flexural  Strength  (S)  *  |^2 
Modulus  of  Elasticity  (Eg)  = 


S  *  Flexural  Strength  in  PSI 
Eg  *  Modulus  of  elasticity  in  PSI  x  10s 
P  =*  Break  load  in  lbs. 
b  *  Specimen  width  in  inches 
d  »  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


, 

1  Spec imen 

1  *  (No . ) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs.) 

m 

(Lbs. /In. ) 

HSHISSH 

'l  41  (3AW) 

269,740 

.097 

1.000 

1128 

— 

5.16 

1 - ^ 

'  53  (1CT) 

259,520 

.090 

1.004 

938 

mam 

_ full _ 

59  (1CT) 

235,270 

.086 

1.006 

778 

3928 

5.18 

'i  69  (1CT) 

240  .010 

EH 

Rftfi 

dV2? 

_ ft.RA - 

1  72  (3CT) 

264.180 

m 

1 

952 

4453 

5.15 

*|  80  (3CT) 

263,340 

.089 

1.001 

928 

4388 

5.25 

1 - - 

82  (3d) 

303,530 

.083 

1.005 

934 

5031 

7.39 

■BiH 

.085 

0.993 

870 

4131 

5.72 

AVG. 

1 

.089 

— - - - 

5.49 

5W  s  No.  5  Section  of  Wedge  Panel 

5AW  *  No.  5A  Section  of  Wedge  Panel 
M-28 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO.  TI-3405 _ 


\ 

I 

CUSTOMER: 


FLEXURAL  STRENGTH 
CONTROL 

DATE:  January  22,  1980 

Boeing  Vertol  Company 


*  MATERIAL : 
SPECIFICATION: 

•  PRE  CONDITIONING: 

TEST  CONDITION: 
SPAN  (L)  1  •  6 


SP250-E-33  W-456  ,  Lot 
BMS  8-196A 

40  hrs . /23*C/50%  R.H. 
23*  C/50%  R.H. 

L/d  RATIO:  15/1 


,  Jumbo  50 

SUPPORT  RADIUS 
NOSE  RADIUS 
TEST  SPEED 
SPECIMEN  LENGTH 


1/8" 

1/8" 

•04  in/min 
4" 


S  *  Flexural  Strength  in  PSI 

Flexural  Strength  (S)  *  Ig*  E8  =  ModuluS  of  elasticit*  in  PSI  *  10& 

P  =  Break  load  in  lbs. 

Modulus  of  Elasticity  (Eg)  •  b  *  Specimen  width  in  inches 

d  »  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  »  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


j  Specimen 

I  (No.) 

S 

(PSI) 

d 

(In.) 

wm 

P 

(Lbs . ) 

m 

(Lbs. /In. ) 

Hi 

L _  10J5WV 

205  ,640 

wm 

■■ 

6316 

5.28 

mem 

186,300 

.108 

.994 

900 

6316 

5.17 

|  20  (5W)  ^ 

191  ,580 

.103 

.999 

846 

5825 

5.46 

193,270 

■HI 

.988 

928 

5.45 

24  (5AW) 

187,430 

.109 

■i 

926 

5.37 

I*  25  (5AW) 

183,820 

.107 

.983 

862 

6383 

5.43 

l 

29  (SAW) 

196,550 

.107 

.994 

932 

6366 

5.35 

1  30  (SAW) 

180,460 

.107 

.999 

860 

6434 

5.38 

j,  AVG. 

190,630 

.107 

5.36 

Test  Technic 


ician: 


R.  Bushelman 


Approved:  Ap/ 

0.  Browning 


M-29 


_ ^  ’■  -  1  1  ^ 


1CT  ■  No.  1  Section  of  Constant  Thickness  Panel 
3CT  =  No.  3  Section  of  Constant  Thickness  Panel 


M-30 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,JNC. 


REPORT  NO.  TI-3405 


FLEXURAL  STRENGTH 
CONTROL 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
PRE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.5 


Boeing  Vertol  Company 
SP250-E-33  W-456  ,  Lot  7,  Jumbo  50 


BMS  8-196A 
30  Min.  9  180*  F 
180*  F 

L/d  RATIO:  17/1 


SUPPORT  RADIUS 
NOSE  RADIUS 
TEST  SPEED 
SPECIMEN  LENGTH 


1/8" 

1/8" 

.04 

4" 


in  /min 


Flexural  Strength  (S)  =  |j^j2 
Modulus  of  Elasticity  (Eg)  - 


Specimen 

(No.) 


S 

(PSI) 


d 

(In.) 


164,620 


63  (1CT)  157,110 


154,380 


88  (3CT)  158,430 


140,480 


155,730 


Test  Technician: 


S  =  Flexural  Strength  in  PSI 
Eg  =  Modulus  of  elasticity  in  PSI  x  10s 
P  *  Break  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  *  Depth  of  beam  in  inches 
L  =  Span  in  inches 

m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


b 

(In.) 

P 

(Lbs. ) 

m 

(Lbs. /In. ) 

1.005 

496 

4110 

1.004 

556 

4762 

0.998 

552 

4688 

1.005 

534 

4528 

1.004 

553 

4563 

1 .003 

452 

3448 

0.994 

459 

3960 

1.007 

496 

4054 

5.62 


6.08 


5.62 


5.58 


5.63 


5.67 


5.29 


5.73 


R.  8usnelman 


Approved: 
1-31  ■ 


D.  Browning 


I 


3W  =  No.  3  Section  of  Wedge  Panel 

5W  =  No.  5  Section  of  Wedge  Panel 

1CT  =  No.  1  Section  of  Constant  Thickness  Panel 

3CT  -  No.  3  Section  of  Constant  Thickness  Panel 

M-32 


1 


TEST  REPORT 


$1  CINCINNATI  TESTING  LABORATORIES,  INC. 

9 

REPORT  NO _ TI-3405 _ 


FLEXURAL  STRENGTH 
OIL  SOAK* 


DATE: January  22,  1980 


CUSTOMER:  Boeing  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 


SPECIFICATION: 

BMS  8-196A 

SUPPORT 

RADIUS: 

1/8" 

PRE  CONDITIONING: 

30  Min.  @  -65°  F 

NOSE 

RADIUS: 

1/8" 

TEST  CONDITION: 

-65°  F 

TEST  SPEED: 

.04 

in/min 

SPAN  (L)  1.5 

L/d  RATIO:  16/1 

SPECIMEN 

LENGTH: 

4" 

Flexural  Strength  (S)  *  ^j^j-2 
Modulus  of  Elasticity  (Eg)  =  ^j3 


♦Immersed  7  days  in  MiI-H-83282 
hydraulic  fluid  @  160  F, 
removed  and  HEK  wiped. 


S  *  Flexural  Strength  in  PSI 

Eg*  Modulus  of  elasticity  in  PSI  x  10s 

P  =  Break  load  in  lbs. 

b  *  Specimen  width  in  inches 

d  =  Depth  of  beam  in  inches 

L  *  Span  in  inches 

m  *  Initial  slope  of  1  )ad-deflection  curve 
in  lbs. /in. 


J  Specimen 

1  (No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

m 

m 

(Lbs. /In. ) 

nSSSEBI 

203.770 

■ms 

0.996 

902 

5769 

4.89 

r 

1 7  (5W) 

245.860 

mm 

1.001 

1138 

6667 

5.30 

48  (1CT) 

246,610 

.089 

1  .009 

876 

4651 

5.52 

260.340 

.091 

1.004 

962 

4743 

5.29 

*  73  nm 

268.270 

.089 

1.008 

952 

4706 

5.59 

|  77  (3CT) 

273,410 

.084 

1.003 

860 

4196 

5.96 

I 

81  ( 3CT) 

251  .490 

.089 

1  .003 

888 

4706 

5.62 

. $113 CXi- 

253,820 

.086 

0.990 

826 

4040 

5.41 

AVG. 

_ 

250  ,450/ 

.091 

5.45 

Test  Technician: 


R.  Bushelman 


Approved: 

M-33 


f 


0.  Browning 


5W  =  No.  5  Section  of  Wedge  Panel 

5AW  *  No.  5A  Section  of  Wedge  Panel 

1CT  a  No.  1  Section  of  Constant  Thickness  Panel 


M-34 


TEST  REPORT 


* 

I 


0!  CINCINNATI  TESTING  LABORATORIES,  INC. 

0 

REPORT  NO.  T I  - 3405 _ 


1 

( 


FLEXURAL  STRENGTH 
OIL  SOAK* 


\ 


9 


DATE:-  January  22 , 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 

PR E  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.6 


Boeing  Vertol  Company 

SP250-E-33  W-456  ,  Lot  7,  Jumbo  50 

BMS  8-196A  SUPPORT  RADIUS: 

30  Min.  @  23  C/504  R.H.  NOSE  RADIUS: 

© 

23  C/504  R.H.  TEST  SPEED: 

L/d  RATIO:  16/1  SPECIMEN  LENGTH: 


1/8" 

1/8" 

.04 

4" 


1980 


in /min 


3  pi 

Flexural  Strength  (S)  * 

Modulus  of  Elasticity  (Eg)  - 

♦Immersed  7  days  in  Mil-H-83282 
hydraulic  fluid  9  160 °  F, 
removed  and  MEK  wiped. 


S  *  Flexural  Strength  in  PSI 
Eg*  Modulus  of  elasticity  in  PSI  x  10s 
P  *  Break  load  in  lbs. 
b  *  Specimen  width  in  inches 
d  *  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


j  Specimen 
«  (No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs. ) 

m 

(Lbs. /In. ) 

eb 

(PSI  x  10s) 

i  14  (5W) 

172,090 

.108 

0.990 

828 

6557 

5.38 

1 

22 

167.370 

—U15 _ 

0.991 

914 

7500 

5.10 

1  33  (5AW) 

168,470 

.106 

0.994 

784 

6283 

5.43 

j  51  QcTj 

211 ,260 

.090 

1  .007 

718 

4301 

6.00 

1  54  QCD 

192.770 

.090 

0.996 

648 

4068 

5.74 

f  55  UCT) 

196.990 

.088 

0.999 

635 

3810 

5.73 

57  (1CT) 

209  ,020 

.089 

1.006 

694 

4138 

5.97 

1  70  OCT) 

190.730 

.092 

1  .002 

674 

4563 

5.99 

|  AVG. 

188,590 

.097 

5.67 

Test  Technician: 


Approved: 

M-35 


1$ 

i).  Browning 


1CT  3  No.  1  Section  of  Constant  Thickness  Panel 
3CT  «  No.  3  Section  of  Constant  Thickness  Panel 


M-36 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO  Tl-3405 _ 


FLEXURAL  STRENGTH 
OIL  SOAK* 


I 

i 


DATE:  January  22,  1980 


CUSTOMER: 

*  MATERIAL: 

SPECIFICATION: 

•  FRE  CONDITIONING : 

TEST  CONDITION: 

SPAN  (L)  1.5  L/d  RATIO:  17/1 

Flexural  Strength  (S)  *  |j^2 
Modulus  of  Elasticity  (Eg)  * 

♦Immersed  7  days  in  Mil-H-83282 
hydraulic  fluid  @  160  F, 
removed  and  MEK  wiped. 


1/8" 

1/8" 

.04  in/min 
SPECIMEN  LENGTH:  4" 

S  3  Flexural  Strength  in  PSI 
Eg  3  Modulus  of  elasticity  in  PSI  x  106 
P  *  Break  load  in  lbs. 
b  »  Specimen  width  in  inches 
d  *  Oepth  of  beam  in  inches 
L  *  Span  in  inches 

m  =  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


Boeing  Vertol  Company 

SP250-E-33  W-456,  Lot  7,  Jumbo  50 

BMS  8-1 96 A  SUPPORT  RADIUS 

30  Min.  9  180*  F  NOSE  RADIUS 

180*  F  TEST  SPEED 


Specimen 

(No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs.) 

m 

(Lbs. /In. ) 

mam 

.086 

1.006 

579.5 

4669 

.  6.16 

r 

|  56  (1CT) 

181  ,760 

flK9B 

1.007 

-  _  4.380 

6.19 

1  58  (1CT) 

154,270 

.091 

mSm 

569.5 

4898 

5.47 

f  66  (1CT) 

156,510 

.091 

1.006 

5  79.5 

5000 

5.57 

79  (1CT) 

156,080 

mm 

mmm 

5172  . 

5.98 

f  85  OCT) 

164,260 

■Hi 

1.003 

580.0 

5042 

6.02 

J 

_ 87  0CT) 

147  ,930 

mm 

1.001 

475.5 

4633 

6.36 

■91 

.081 

0.998 

360.5 

3209 

5.11 

.  AVG. 

1 

157,490 

.087 

5.86 

Test  Technician: 

l 


6  u s  he  1  man 


Approved: 

M-37 


/ 


0.  Brown ina 


Hr- 


3W  *  No.  3  Section  of  Wedge  Panel 

5W  *  No.  5  Section  of  Wedge  Panel 

5AW  s  No.  5A  Section  of  Wedge  Panel 

1CT  *  No.  1  Section  of  Constant  Thickness  Panel 

3CT  *  No.  3  Section  of  Constant  Thickness  Panel 

M-38 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES ,  INC. 

REPORT  NO.  _  TI-3405 _ 


CUSTOMER: 
MATERIAL : 
SPECIFICATION: 
PRE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.5 


FLEXURAL  STRENGTH 
WATER  BOIL* 

Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A  SUPPOR' 

30  Min.  @  -65  F  NOS] 

o 

-  6  5  F .  I 

L/d  RATIO:  15/1  SPECIME1 


DATE: January  22,  1980 


SUPPORT  RADIUS 
NOSE  RADIUS 
TEST  SPEED 


1/8" 

1/8" 

.04 


in/min 


Flexural  Strength  (S)  -  ^j2 
Modulus  of  Elasticity  (Eg)  = 

*2  hrs.  in  boiling  distilled  water. 


SPECIMEN  LENGTH:  4" 

S  *  Flexural  Strength  in  PSI 
Eg  =  Modulus  of  elasticity  in  PSI  x  106 
P  =  8reak  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  =  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  =  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


r  Specimt 

'i  (no.) 


s 

(PSI) 


224,330 


204,580 


217,190 


231  ,400 


d 

(In.) 


62  OCT) 


264.190 


237,560 


Test  Technician: 


.038 


92 


.098 


R.  Bushelman 


b 

(In.) 

P 

(Lbs.) 

0.997 

1014 

1.000 

946 

1.001 

1148 

0.992 

1190 

1.004 

918 

1.007 

943 

1.003 

912 

1.002 

922 

5381 


5357 


6704 


6818 


4461 


4428 


4959 


4.42 


4.26 


4.36 


4.60 


5.32 


5.19 


5.47 


5.36 


4.87 


Approved: 

M-39 


D.  Browning 


5W  «  No.  5  Section  of  Wedge  Panel 

SAW  »No.  5A  Section  of  Wedge  Panel 

1CT  *  No.  1  Section  of  Constant  Thickness  Panel 


3CT  *  No.  3  Section  of  Constant  Thickness  Panel 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES ,  INC. 


REPORT  NO.  TI  -3405 


FLEXURAL  STRENGTH 
WATER  BOIL* 


DATE:  January  22,  1980 


CUSTOMER: 


Boeing  Vertol  Company 


MATERIAL: 

SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  l-6 


SP25Q-E-33  W-456 ,  Lot  7, 
BMS  8-196A 

30  Min.  0  23“  C/50%  R.H. 
23*  C/50%  R.H. 

L/d  RATIO:  17/1 


Jumbo  50 

SUPPORT  RADIUS 
NOSE  RADIUS 
TEST  SPEED 
SPECIMEN  LENGTH 


1/8" 

1/8" 

.05  in /min 


TP! 

Flexural  Strength  (S)  = 

l  3m 

Modulus  of  Elasticity  (Eg)  = 


hrs  . 


in  boiling  distilled  water. 


S  *  Flexural  Strength  in  PSI 
ED  =  Modulus  of  elasticity  in  PSI  x  106 

D 

P  =  Break  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  *  Depth  of  beam  in  inches 
L  =  Span  in  inches 


m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


Specimen 

(No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs . ) 

nt 

(Lbs. /In. ) 

eb 

(PSI  x  10s) 

9  (5W) 

172.980 

.107 

0.984 

812 

6122 

5.20 

34  ( 5 AW 1 

173.360 

.103 

1.010 

774 

6283 

5.83 

61  (1CT) 

192,760 

.089 

1.006 

640 

4027 

.  ■_  .  5.JJ _ 

68  nm 

181 .490 

1 

602 

3871 

5.59 

74  OCT) 

186,280 

.093 

1.004 

674 

4196 

.  LJ1 _ 

197  ,270 

mm 

1.003 

624 

wmbm 

5.80 _ 

78  (3CT) 

189,410 

.092 

1.006 

672 

431  7 

5.64 

84  OCT) 

191  ,600 

.080 

1.006 

514 

3077 

6.12 

AVG. 

185,640 

Hi 

5.66 

Test  Technician: 


R.  Bushelman 


Approved : 
M-41 


D.  Browning 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 


REPORT  NO _ TI  -3405 


FLEXURAL  STRENGTH 

water  BOIL* 


DATE:  January  22,  1980 


CUSTOMER: 
MATERIAL: 
SPECIFICATION: 
PRE  CONDITIONING: 
TEST  CONDITION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A  SUPPORT  RADIUS 

30  Min.  @  180*  F  NOSE 


NOSE  RADIUS 
TEST  SPEED 


SPAN  (L)  1.5  L/d  RATIO:  17/1 

Flexural  Strength  (S)  =  ^^2 
Modulus  of  Elasticity  (Eg)  *  ^j3 

*2  hrs.  in  boiling  distilled  water. 


SPECIMEN  LENGTH:  4" 


1/8" 

1/8" 

.04 


in /min 


S  =  Flexural  Strength  in  PSI 
Eg  -  Modulus  of  elasticity  in  PSI  x  106 
P  =  Break  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  =  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  =  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


Specimen 

(No.) 


S 

(PSI) 


50  (1CT)  131  ,200 


141  ,510 


128,130 


123,140 


69,390 


75  ,060 


85,080 


88,910 


105,300  .08 


Test  Technician 


3W  *  No.  3  Section  of  Wedge  Panel 
5W  =  No.  5  Section  of  Wedge  Panel 
5AW  =  No.  5A  Section  of  Wedge  Panel 


3AW  »  No.  3A  Section  of  Wedge  Panel 
M-44 


TEST  REPORT 


tk 


0 


CINCINNATI  TESTING  LABORATORIES,  INC. 

REPORT  NO.  TI-3405 _ 


FLEXURAL  STRENGTH 
TEMPERATURE  EXPOSURE* 


DATE:  January  22,  1980 


CUSTOMER : 

'  MATERIAL: 

SPECIFICATION: 

•  PRE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.7 


Boeing  Vertol  Company 

SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 

BMS  8-1 96A  SUPPORT  RADIUS: 

30  Min.  @  -65°  F  NOSE  RADIUS: 


-65  F 
L/d  RATIO: 


16/1 


TEST  SPEED: 
SPECIMEN  LENGTH: 


1/8" 

1/8“ 

.05 

4" 


in/min 


S  =  Flexural  Strength  in  PSI 


?pi 

Flexural  Strength  (S)  = 


Eg  =  Modulus  of  elasticity  in  PSI  x  IQ6 


Modulus  of  Elasticity  (Eg)  = 


*1000  hrs.  @  180  F  in  a 
horizontal  position 


P  =  8reak  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  =  Depth  of  beam  in  inches 
L  =  Span  in  in-.hes 

m  =  Initial  slope  of  load-deflection  curve 


in  lbs. /in. 


Specimen 

s 

d 

b 

P 

m 

■RBSMi 

'.MO.  ) 

(PSI) 

(In.) 

(In.) 

(Lbs.) 

(Lbs . /In. ) 

4  (3W) 

210,650 

.098 

.997 

791 

3582 

4.69 

12  (5W) 

230,900 

.103 

.991 

952 

4478 

5.08 

■ 

1 

234,920 

.099 

.999 

902 

4096 

5.19 

217.750 

mm 

mm 

1086 

5455 

4.66 

2  6  ( 5 AW ) 

239.520 

WBM 

.993 

1048 

5021 

5.21 

31  (5AH) 

HUH 

.106 

.995 

934 

4898 

5.08 

3  7 ( 5AU ) 

230 ,300 

.114 

.990 

1162 

5333 

4.46 

*2  .  UMl 

244.220 

.094 

.995 

842 

3509 

5.21 

.-.•n 

i 

227.660 

.104 

4.95 

s.  3ushelman 


Approved : 
M-45 


0.  Browning 


\y 


5W  =  No.  5  Section  of  Wedge  Panel 

5AW  =  No.  5A  Section  of  Wedge  Panel 

3AW  =  No.  3A  Section  of  Wedge  Panel 
M-46 


TEST  REPORT 


0L  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  WO.  TI-3405 _ 


a 

a 

i 

CUSTOMER : 

'  MATERIAL: 

SPECIFICATION: 

■  ERE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.7 


FLEXURAL  STRENGTH 
TEMPERATURE  EXPOSURE* 

DATE:  January  22 , 

Boeing  Vertol  Company 
SP250-E-33  W-456,  Lot  7,  Jumbo  50 


BMS 

8-196A 

SUPPORT 

RADIUS: 

1/8 

30 

Min.  9  23°  C/50%  R.H. 

NOSE 

RADIUS: 

1/8 

23° 

C/50%  R.H. 

TEST  SPEED: 

.05 

L/d 

RATIO:  16/1 

SPECIMEN 

LENGTH: 

4" 

1980 


in/min 


Flexural  Strength  (S)  * 
Modulus  of  Elasticity  (Eg)  = 


*1000  hrs.  @  180  F  in  a 
horizontal  position 


S  *  Flexural  Strength  in  PSI 
Eg  *  Modulus  of  elasticity  in  PSI  x  106 
P  =  Break  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  *  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


.  - 

Specimen 

(NO.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs . ) 

m 

(Lbs. /In.) 

mmmm 

flEMU 

173.260 

mm 

mm 

mm 

BBflH 

4.51 

7  (5U) 

186.870 

mm 

HRH 

816 

5455 

5.68 

11  (5W) 

175.700 

mm 

■ill 

768 

5381 

5.59 

mm 

183,640 

.105 

.995 

790 

5150 

5.49 

27  (5AM) 

177,620 

.110 

.999 

842 

5530 

5.11 

182 ,240 

.109 

.994 

844 

5505 

5.25 

190,360 

.099 

.995 

728 

4286 

5.45 

mm 

193,170 

.099 

.994 

738 

4380 

5.58 

AVG. 

182,860 

.104 

5.33 

R.  Bushelman  f 


0.  Browning  ' 


€ 


Test  Technician: 


Approved : 
1-47 


3W  =  No.  3  Section  of  Wedge  Panel 
5W  *  No.  5  Section  of  Wedge  Panel 
5AW  *  No.  5A  Section  of  Wedge  Panel 

3AW  a  No.  3A  Section  of  Wedge  Panel 
M-48 


TEST  REPORT 


ft  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO _ TI-34Q5 _ 


I 


FLEXURAL  STRENGTH 
TEMPERATURE  EXPOSURE* 


CUSTOMER : 

1  MATERIAL : 

SPECIFICATION: 

•  PRE  CONDITIONING: 
TEST  CONDITION: 
SPAN  (L)  1.7 


Boeing  Vertol  Company 
SP250-E-33  W-456  ,  Lot  7, 
BMS  8-196A 
30  Min.  9  1 80*  F 
180°  F 

L/d  RATIO:  16/1 


DATE:  January  22, 


Jumbo  50 

SUPPORT  RADIUS:  1/8" 
NOSE  RADIUS:  1/8” 
TEST  SPEED:  .05 
SPECIMEN  LENGTH:  4" 


1980 


in/min 


Flexural  Strength  (S)  = 

Modulus  of  Elasticity  (Eg)  =  ^j3 

*1000  hrs .  9  180*  F  In  a 
horizontal  position 


S  =  Flexural  Strength  in  PSI 
Eg  =  Modulus  of  elasticity  in  PSI  x  106 
P  *  Break  load  in  lbs. 
b  =  Specimen  width  in  inches 
d  =  Depth  of  beam  in  inches 
L  *  Span  in  inches 

m  *  Initial  slope  of  load-deflection  curve 
in  lbs. /in. 


Specimen 

(No.) 

S 

(PSI) 

d 

(In.) 

b 

(In.) 

P 

(Lbs.) 

m 

(Lbs . /In. ) 

eb 

(PSI  x  106) 

3  (3U) 

151  .570 

.095 

1.002 

537.5 

4054 

5.79 

8  (5H) 

-J-2JLt.82.Q_i 

.111 

0.991 

57.8.5 

5687 

5.15 

-  1 

19  (5W) 

131  ,970 

.106 

0.994 

578.0 

4938 

5.12 

'  28  (SAW) 

128,450 

.107 

0.997 

575.0 

5172 

5.20 

32  (*;au) 

134,300 

.105 

0.998 

579.5 

4959 

5.27 

36  (5AW) 

120,300 

.111 

0.997 

579.5 

5530 

4.98 

40  (3AW) 

148,260 

.100 

0.995 

578.5 

4317 

5.33 

.  43  13AWJ 

157,050 

.097 

0.994 

576.0 

4225 

5.72 

.  AVG. 

1  36  ,590 

.104 

5.32 

*  Test  Technician: 


R. Bushelman 


Approved: 

M-49 


2W  *  No.  2  Section  of  Wedge  Panel 

4AW  a  No.  4A  Section  of  Wedge  Panel 

2AW  *  No.  2A  Section  of  Wedge  Panel 

2CT  a  No.  2  Section  of  Constant  Thickness  Panel 

4CT  a  No.  4  Section  of  Constant  Thickness  Panel 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC . 


REPORT  NO.  TI-3405 


TENSILE  STRENGTH  (0*  ) 


DATE:  January  22,  1980 


* CUSTOMER: 

MATERIAL: 

'  SPECIFICATION: 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 
BMS  8-196A 


PRE  CONDITIONING:  30  Min.  @  -65  F 


TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


-65  F 
Figure  5 

in. /min. 


Tensile  Strength  (S)  * 


S  =  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI  6 

Et  =  Modulus  of  elasticity  in  PSI  x  10° 
P  *  Break  Load  in  lbs. 


Modulus  of  Elasticity  (Et)  =  r-ry  b  *  Specimen  width  in  inches 

d  *  Specimen  thickness  in  inches 


Initial  Linear  Load 


Y  -  Strain  in  in /in 


oimen 
lo. ) 


(PSI)  I  (PSI) 


3  (2W)  187,940 

6  (2W)  167  ,450 

9  (4AM1  175,400 
12  (?aw  17 8,960 
15  (?AU  1  65 ,290 
8  (2CT  186,470 
I...C4CI  IJQ.4,040. 

4  (4CT  132  ,880 


P 

(Lbs.) 

4730 

4110 

4410 

4625 

4080 

4120 

2440 

2935 


d 

(In.) 


b 

(In.) 


(PSI  x  10°) 


6.16 


Elongation 
(%)  _ 


AVG. 


162, 30( 


6.52 

6.38 

6.39 
6,62 

6.87 

7.32 


7.70 


6.75 


rest  Technician: 


Approved : 


D.  Browning 


TEST  REPORT 


tfji  CINCINNATI  TESTING  lABOHATORIES,  INC. 

o 

REPORT  NO _ T^~3405 _ 


TENSILE  STRENGTH  (0*  ) 


I 

i 


DATE:  January  22,  1980 


*  CUSTOMER: 

MATERIAL : 

1  SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


Boeing  Vertol  Company 
SP250-E-33  W-456,  Lot  7,  Jumbo  50 
BMS  8-196A 

40  hrs .  /23*  C/ SOX  R.H. 

23*  C/5.0X  R.H. 

Figure  5 

in. J min. 


Tensile  Strength  (S)  = 

p  * 

Modulus  of  Elasticity  (Et)  = 
♦Initial  Linear  Load 


S  =  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI 
Et  =  Modulus  of  elasticity  in  PSI  x  10 
P  =  Break  Load  in  lbs. 
b  =  Specimen  width  in  inches 
d  *  Specimen  thickness  in  inches 
Y  *  Strain  in  in/ in 


Specimen 
(No. ) 

S 

(PSI) 

Sy 

(PSI) 

P 

(Lbs. ) 

d 

(In.) 

b 

(In. ) 

Et  6 
(PSI  x  10°) 

Elongation 

(%) 

2  (2W) 

134,730 

3470 

.051 

.505 

6.01 

5  (2W) 

134,740 

3370 

.052 

.481 

6.23 

7  (4W) 

125.380 

BS1S1 

.052 

gw 

6.30 

11  (2AW) 

139,190 

3590 

.052 

1 

6.04 

14  (2AW) 

159.430 

mm 

.493 

6.32 

125,900 

2890 

.046 

.499 

6.66 

snjfssi 

1  32  .040 

2870 

■Hi 

6.79 

22  (4CT) 

124,290 

2880 

.047 

.493 

6.77 

AVG. 

134,460 

6.39 

Test  Technician: 


R.  Bushelman 


Approved : 
M-53 


iQ, 

0.  Browning 


2W  =  No.  2  Section  of  Wedge  Panel 

4W  =  No.  4  Section  of  Wedge  Panel 

4AW  =  No.  4A  Section  of  Wedge  Panel 

2AW  *  No.  2A  Section  of  Wedge  Panel 

2CT  *  No.  2  Section  of  Constant  Thickness  Panel 

4CT  *  No.  4  Section  of  Constant  Thickness  Panel 


M-54 


TEST  REPORT 


CINCINNATI  TESTING  LASOKATORIES,  INC. 

0 

REPORT  NO.  Tl- 3405 _ 


TENSILE  STRENGTH  (0*) 


4 

I  DATE:  January  22,  1980 


'  CUSTOMER: 

MATERIAL : 

•  SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


Boeing  Vertol  Company 
SP250-E-33  W-456 ,  Lot  7 
BMS  8-196A 
30  Min.  @  180*  F 
180*  F 
Figure  5 

in.  ./min . 


Jumbo  50 


Tensile  Strength  (S)  * 
Modulus  of  Elasticity  (Et) 
'Initial  Linear  Load 


S  =  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI  g 

Et  =  Modulus  of  elasticity  in  PSI  x  10b 
P  =  Break  Load  in  lbs. 
b  =  Specimen  width  in  inches 
d  =  Specimen  thickness  in  inches 
Y  =  Strain  in  in/in 


1  Specimen 
(No.) 

s  • 

(PSI) 

Sy 

(PSI) 

P 

(Lbs.) 

d 

(In.) 

b 

(In.) 

Et 

(PSI  x  10*) 

Elongation 

(%) 

i  r  2u 

1 1.4.050 

2920 

.051 

.502 

6.23 

1  4(2W) 

115,180 

2890 

.051 

.492 

6.10 

1  r 

8C4W1  _ 

107.960 

2665 

.051 

.484 

5.87 

IQ (4AM) 

119,100 

3140 

.052 

.507 

5.76 

'■  13(2AM-L 

112.210 

2900 

.052 

.497 

5.89 

16(2AW) 

102,810 

2565 

.050 

.499 

5.34 

1  17(?CT) 

109,310 

2430 

.045 

.494 

6.58 

23(4CT) 

109,910 

2360 

.044 

.488 

6.88 

1  AVG. 

111 ,320 

6.08 

Test  Technician: 


R.  Bushelman 


Approved : 

M-55 


t[).  1 p 

D.  Browning 


2CT  *  No.  2  Section  of  Constant  Thickness  Panel 
4CT  *  No.  4  Section  of  Constant  Thickness  Panel 
4ACT  *  No.  4A  Section  of  Constant  Thickness  Panel 
2ACT  *  No.  2A  Section  of  Constant  Thickness  Panel 


M-56 


TEST  REPORT 


^Jll  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  TI-3405 _ 


« 

\ 


TENSILE  STRENGTH  (0#/90*  ) 


« 

I  DATE:  January  22,  1980 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


Boeing  Vertol  Company 
SP250-E-33  W-456  ,  Lot  7 
BMS  8-196A 
30  Min.  9  -65°  F 
-65°  F 
Figure  5 

in.  ./min. 


Jumbo  50 


D 

Tensile  Strength  (S)  = 

.  * 
p 

Modulus  of  Elasticity  (Et)  * 
♦Initial  Linear  Load 


S  *  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI  6 

Et  =  Modulus  of  elasticity  in  PSI  x  10b 
P  -  Break  Load  in  lbs. 
b  =■  Specimen  width  in  inches 
d  *  Specimen  thickness  in  inches 
Y  *  Strain  in  in/ in 


Spec imen 
(No.) 

S 

(PSI) 

Sy 

(PSI) 

p 

(Lbs. ) 

d 

(In.) 

b 

(In.) 

Et 

(PSI  x  106) 

Elongation 

(%) 

mm 

BlillSl 

f(|f| 

5080 

.064 

1.002 

4.44 

5  (2CT) 

79.710 

5140 

0.992 

4.11  . 

WflKSI 

HUS 

5010 

BH 

0.997 

3.98 

75,650 

4690 

.062 

1  .000 

4.32 

■HR 

70,210 

4480 

.064 

0.997 

4.15 

BBS. 

4820 

1.003 

4.27 

■EM 

83.160 

5290 

.064 

0.994 

4.32 

22  (2ACT 

| 

.062 

0.999 

4.10 

AVG. 

75,880 

jma 

4.21 

Test  Technician: 


4 Q& 

07  Bro 


rowning' 


2CT  a  No.  2  Section  of  Constant  Thickness  Panel 
4CT  *  No.  4  Section  of  Constant  Thickness  Panel 
4ACT  *  No.  4A  Section  of  Constant  Thickness  Panel 


M-58 


AD-AQ89  7Z8  BOEING  VERTOL  CO  PHILADELPHIA  PA  F/G  13/8 

CONVEYORIZED  RADIO  FREQUENCY  CURE  OF  EPOXY  GLASS  COMPOSITES. < U) 

MAY  80  L  C  RITTER  DAAG46-79-C-0009 

UNCLASSIFIED  USAAVRAOCOM-TR-BO-F-16  NL 


4  o 


II  -80 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC. 

O 

REPORT  NO.  T I  -  3405 - 


R  TENSILE  STRENGTH  (0  ° /90  * ) 


« 

|  DATE:  January  22,  1980 


'  CUSTOMER: 

MATERIAL : 

•  SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  ,Q5 


Boeing  Vertol  Company 
SP250-E-33  W-456,  Lot  7, 
BMS  8-196A 

40  hrs . /23*  C/50*  R.H . 
23*  C/50*  R.H. 

Figure  5 

in . ./min . 


Jumbo  50 


P 

Tensile  Strength  (S)  =  -gg- 

p  * 

Modulus  of  Elasticity  (Et)  * 
•'Initial  Linear  Load 


S  =  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI  ( 

Et  =  Modulus  of  elasticity  in  PSI  x  10 
P  »  Break  Load  in  lbs. 
b  =  Specimen  width  in  inches 
d  *  Specimen  thickness  in  inches 
Y  «  Strain  in  in/in 


1  Specimen 
(No.) 

S 

(PSI) 

sy 

(PSI) 

p 

(Lbs. ) 

d 

(In.) 

b 

(In.) 

Et 

(PSI  x  10*) 

Elongation 

(%) 

!  3  (2CT) 

72.640 

4440 

.061 

1.002 

3.83 

)  6  (2CT) 

67,040 

4340 

.065 

0.996 

3.66  . 

*  8  (4CT! 

70.100 

4320  * 

.062 

0.994 

3.96 

1 

9  (4CT 

67.290 

4180 

.063 

0.986 

3.63 

1 

12  (4CT: 

67.730 

4270 

.064 

0.985 

3.44 

1 5(4ACT 

72,460 

4840 

.067 

0.997 

3.69 

1  20(4ACT 

71  .390 

4320 

.061 

0.992 

3.76 

r 

.  23(AAP.t 

7fi^33P- 

4450 

.064 

0.988 

3.72 

•  AVG. 

69.880 

N  3.71 

Test  Technician: 


Mye 


Approved: 


M_ca 


(. Pi 

0.  Browning  [\ 


L 


j 

i 

2CT  *  No.  2  Section  of  Constant  Thickness  Panel 
4CT  *  No.  4  Section  of  Constant  Thickness  Panel 

j 

4ACT  *  No.  4A  Section  of  Constant  Thickness  Panel 

i 

2ACT  ■  No.  2A  Section  of  Constant  Thickness  Panel  ' 


M-60 


"■S'  n  -*Zir 


vmmppniHi-iiiiijHuiLii  ii 


i  n 


4k 


0 


TEST  REPORT 


CINCINNATI  TESTING  LABORATORIES,  INC 


REPORT  NO. 


TI-3AQ5 


TENSILE  STRENGTH  (0*/90*) 


4 

I 

i 


CUSTOMER: 

MATERIAL: 

SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


DATE:  January  22,  1980 


Boeing  Vertol  Company 

SP250-E-33  W-456  ,  Lot  7,  Jumbo  50 

BMS  8-196A 

30  Min.  0  180*  F 

180°  F 


Figure  5 

in. J min. 

_  _P_ 

“  bd 


Tensile  Strength  (S) 

Modulus  of  Elasticity  (Et)  * 
♦Initial  Linear  Load 


S  *  Ultimate  Tensile  Strength  in  PSI 
Sy  «  Yield  Strength  in  PSI  g 

Et  »  Modulus  of  elasticity  in  PSI  x  10b 
P  *  Break  Load  in  lbs. 
b  »  Specimen  width  in  inches 
d  *  Specimen  thickness  in  inches 
Y  *  Strain  in  in/in 


1  Spec imen 
(No.) 

S 

(PSI) 

Sy 

(PSI) 

P 

(Lbs.) 

d 

(In.) 

b 

(In.) 

Et  6 
(PSI  x  10°) 

Elongation 

(%) 

t 

2  (2CT) 

66,520 

4170 

.063 

0.995 

3.55 

’[  4  (2CT) 

61  ,720 

3900 

.063 

1  .003 

3.43  . 

[  1  (4CT1 

58,550 

.  _ 

3740 

.064 

0.998 

3.52 

)  10 (4CTI 

64-.-490. 

4090 

.064 

0.991 

3.25 

61  ,560 

3790 

.062 

0.993 

3.41 

*|  1  3  (4ACI) 

1  7  (4ACT) 

-7.i-j.3Q0.. 

4590 

.064 

0.992 

3.39 

’(  21  (2ACT) 

64,410 

4170 

.065 

0.996 

3.34 

.  24  (2ACT) 

ALA1SL 

4000 

.063 

0.991 

3.27 

1  AVG. 

64,200 

3.40 

Test  Technician:  9 

(r  Hjt7 


Approved : 
M-61 


Ok  3/^6 

d.  Browning-  7\ 


2CT  *  No.  2  Section  of  Constant  Thickness  Panel 
4CT  *  No.  4  Section  of  Constant  Thickness  Panel 
4ACT  ■  No.  4A  Section  of  Constant  Thickness  Panel 
2ACT  *  No.  2A  Section  of  Constant  Thickness  Panel 


TEST  REPORT 


!. 


i 


« 

I 


$)  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  TI-3405 _ 


TENSILE  STRENGTH  (145 " ) 


« 

I  DATE:  January  22,  1980 


'  CUSTOMER: 

MATERIAL: 

'  SPECIFICATION: 

PRE  CONDITIONING: 
TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


Boeing  Vertol  Company 

SP250-E-33  W-456 ,  Lot  7,  Jumbo  50 

BMS  8-196A 

30  Min.  8  -65*  F 

-65*  F 

Figure  5 

in.  ./min. 


p 

Tensile  Strength  (S)  *  -gg- 

P  * 

Modulus  of  Elasticity  (Et)  «  r~s^ 


♦Initial  Linear  Load 


S  *  Ultimate  Tensile  Strength  in  PSI 
Sy  *  Yield  Strength  in  PSI  ( 

Et  »  Modulus  of  elasticity  in  PSI  x  10 
P  =  Break  Load  in  lbs. 
b  a  Specimen  width  in  inches 
d  *  Specimen  thickness  in  inches 
Y  *  Strain  in  in/in 


•  Specimen 
(No.) 

S 

(PSI) 

HE9B 

p 

(Lbs.) 

d 

(In.) 

b 

(In.) 

Elongation  j 
(%) 

K2CT) 

H 

HI 

1272 

.063 

1  .001 

2.69 

\  5(2CT) 

20  ,340 

1266 

.062 

1.004 

2.66 

1  l(4CT) 

22,020 

1534 

warn 

0.995 

2.69 

14(4ACT: 

mm 

1522 

.070 

1.007 

2.67 

,  1 6 ( 4ACT  i 

21  ,350 

1464 

.069 

0.994 

2.82 

1 

18(4ACT: 

mm 

wm 

0.998 

2.88 

19C2ACT 

mm 

mm 

1  .006 

2.65 

22(2ACT; 

19,630 

1226 

.064 

0.976 

2.58 

AVG. 

20,510 

mam 

Approved : 
M-63 


AP  i 

0.  Browning  ^ 


r 


Test  Technician 


2CT  «  No.  2  Section  of  Constant  Thickness  Panel 
4CT  ■  No.  4  Section  of  Constant  Thickness  Panel 
4ACT  *  No.  4A  Section  of  Constant  Thickness  Panel 
2ACT  *  No.  2A  Section  of  Constant  Thickness  Panel 


TEST  REPORT 

CL  CINCINNATI  TESTING  LABORATORIES,  INC. 

o 

REPORT  NO.  TI-3405 _ 


1 


TENSILE  STRENGTH  ("45*) 


« 

DATE:  January  22,  1980 


*■ 

i 


'  CUSTOMER: 

MATERIAL : 

SPECIFICATION: 

PRE  CONDITIONING: 

TEST  CONDITION: 

SPECIMEN  TYPE: 

TESTING  SPEED:  .05 

Tensile  Strength  (S)  =  "*  *1*  .  neT  .  ni 

’  bd  Et  =  Modulus  of  elasticity  in  PSx  x  10 

p*  P  *  Break  Load  in  lbs. 

Modulus  of  Elasticity  (Et)  *  b  «  Specimen  width  in  inches 

d  »  Specimen  thickness  in  inches 

Y  *  Strain  in  in /in 

♦Initial  Linear  Load 


*  Specimen 
(No.) 

S 

(PSI) 

Sy 

(PSI) 

P 

(Lbs.) 

d 

(In.) 

b 

(In.) 

Et  6 
(PSI  x  10°) 

Elongat 

(%) 

■ m 

18,680 

1200 

.064 

1.004 

2.44 

|  6(2CT) 

18.740 

PPPf 

mm 

mm 

0.991 

2.21 

8(4CT) 

khh 

HRfll 

mm 

0.988 

.  1.96 

9(4CT) 

20.100 

1520 

.076 

0.995 

j 

2.11 

■  1 2(4CT) 

— 1.9  ,i  7  IQ 

BBBB 

mm 

1  .001 

2.01 

■era 

18,530 

1400 

.076 

0.994 

1  .97 

iBSBSB 

HMH 

1000 

mm 

1.001 

1.92 

i 

23(2ACT 

18,300 

1130 

.062 

0.996 

2.14 

1  AVG. 

18,650 

2.10 

Test  Technician: 


Approved: 

yj  Myeyiy  *  o.  Browning  Jj 


Boeing  Vertol  Company 
SP250-E-33  W-456  ,  Lot  7 
BMS  8-196A 

40  hrs - / 2 3 *  C/50%  R.H. 
23*  C/50*  R.H. 

Figure  5 

in.  ./min . 


Jumbo  50 


S  =  Ultimate  Tensile  Strength  in  PSI 

Ctt  —  V i  A  1  C+-  H  i  n  DC  T 


M-65 


2CT  «  No.  2  Section  of  Constant  Thickness  Panel 
4CT  ■  No.  4  Section  of  Constant  Thickness  Panel 


TEST  REPORT 


CINCINNATI  TSSTINO  LABORATORIES,  INC. 

o 

REPORT  NO.  H*3405 _ 

TENSILE  STRENGTH  ( ±45  °  ) 


DATE:  January  22,  1980 


CUSTOMER:  8oe1ng  Vertol  Company 

MATERIAL:  SP250-E-33  W-456,  Lot  7,  Jumbo  50 

SPECIFICATION:  BMS  8-1 96 A 

PRE  CONDITIONING:  30  Min.  8  180*  F 

TEST  CONDITION:  180*  F 

SPECIMEN  TYPE:  Figure  5 

TESTING  SPEED:  .05  in. ./min. 


TEST  CONDITION: 
SPECIMEN  TYPE: 
TESTING  SPEED:  .05 


Tensile  Strength  (S)  - 


S  =  Ultimate  Tensile  Strength  in  PSI 
Sy  =  Yield  Strength  in  PSI 
Et  =  Modulus  of  elasticity  in  PSI  x  10 
*  P  =  Break  Load  in  lbs. 


Modulus  of  Elasticity  (Et)  *  b  *  Specimen  width  in  inches 

'  d  *  Specimen  thickness  in  inches 


♦Initial  Linear  Load 


<  Specimen 


Y  *  Strain  in  in/in 


s 

Sy 

P 

d 

(PSI) 

(PSI) 

(Lbs. ) 

(In.) 

Et  f.  |  Elongation 
(PSI  x  10b) 


18,21 


4 (2CT) 


20,740 


20,680 


1 3(4ACT  19,790 
1 7  (4ACT  18,920 


17,940 


19,010 


0.984 

1.59 

0.991 

1.62 

1  .002 

1.77 

1.004 

1.50 

1.005 

1.57 

0.984 

1.76 

0.982 

1.52 

Test  Technician 


Approved: 

M-67/M-68 


D.  Browning 


APPENOIX  N 


RESIN  GLASS  CONTENT  AND  RETEST  DATA 


RESIN— GLASS  CONTENT 


customer:  Boeing  Vertol  Company 

Matoriai:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  4CTS  (0°) 


Specification:  BMS  8-196A 

Pre  Condition:  16  Mrs.  @  250°F 

Burn-off  Temp:  1050°F 
Specimen  Size:  1"  X  1" 


Specimen  No. 

1 

2 

3 

Wt.  of  Crucible  £  Specimen 
Before  Ignition  (gms.) 

20.0663 

20.5635 

19.5728 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.6824 

20.1991 

19.2302 

Ignition  Loss  (gms.) 

0.3839 

0.3644 

0.3426 

Wt.  of  Specimen 

Before  Ignition  (gms.) 

1 .8639 

1.7355 

1.6536 

Resin  Content  <%) 

20.6 

21.0 

20.7 

Glass  Content  (%) 

79.4 

79.0 

79.3 

Average  Resin  Content 

20.8 

% 

Average  Glass  Content 

79.2 

% 

Average  Filler  Content 

% 

RESIN-GLASS  CONTENT 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  4WS  (0°) 


Specification: 
Condition: 
Burn-off  Temp: 
Specimen  Size: 


BMS  8-1 96A 
16  Hrs.  0  250°F 
1050°F 
1"  x  1" 


Specimen  No. 

4 

5 

6 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

20.1386 

20.0883 

19.6365 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.5798 

19.6346 

19.1299 

Ignition  Loss  (gms.) 

0.5588 

0.4537 

0.5066 

Wt.  of  Specimen 

Before  Ignition  (gms.) 

1 .8821 

1.6578 

1 .8575 

Resin  Content  (%) 

29.7 

27.4 

27.3 

Glass  Content  (%) 

70.3 

72.6 

72.7 

Average  Resin  Content 

28.1 

% 

Average  Glass  Content 

71.9 

% 

Average  F  iller  Content 

% 

RESIN-GLASS  CONTENT 


CUSTOMER:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  4AMS  (0°) 

Specification.  BMS  8-1 96A 
PTe3  Condition:  16  Hrs.  @  250°F 

Burn-off  Temp:  1050°F 
Specimen  Site:  1 "  X  1 " 


Specimen  No. 

7 

8 

9 

Wt  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

20.4582 

19.8761 

20.1803 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.9738 

19.4801 

19.7888 

Ignition  Loss  (gms.) 

0.4844 

0.3980 

0.3915 

Wt,  of  Specimen 

Before  Ignition  (gms.) 

1 . 7068 

1.6354 

1.6574 

Resin  Content  (%) 

28.4 

24.2 

23.6 

Glass  Content  (%) 

71.6 

75.8 

76.4 

Average  Resin  Content 

25.4 

% 

Average  Glass  Content 

74.6 

% 

Average  Filler  Content 

% 

RESIN-GLASS  CONTENT 


CUSTOMER: 

Material: 
Specification: 
Pre  Condition: 

Burn-off  Temp: 
Specimen  Size: 


Boeing  Vertol  Company 

SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  2CTS  (0°) 

BMS  8-1 96A 

16  Hrs.  @  250° F 

1050°F 

1"  x  1" 


Specimen  No. 

10 

11 

12 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

19.5320 

20.2985 

20.3435 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.1975 

20.0211 

20.0131 

Ignition  Loss  (gms.) 

0.3345 

0.2774 

0.3304 

Wt.  of  Specimen 

Before  Ignition  (gms.) 

1.7331 

1.4439 

1.5312 

Resin  Content  (%) 

19.3 

19.2 

21.6 

Glass  Content  (%) 

80.7 

80.8 

78.4 

Average  Resin  Content 

20.0 

% 

Average  Glass  Content 

80.0 

% 

Average  Filler  Content 

% 

N-4 


RESIN— GLASS  CONTENT 


Pre 


customer.  Boeing  Vertol  Company 


Material: 
Specification: 
Condition: 
Burn-off  Temp: 
Specimen  Size: 


SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  2AWS  (0°) 
BMS  8-1 96A 
16  Hrs.  @  250°F 
1050°F 

i"  x  r 


Specimen  No. 

13 

14 

15 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

20.0743 

20.0721 

20.0063 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.6028 

19.7169 

19.6693 

Ignition  Loss  (gms.l 

0.4715 

0.3552 

0.3370 

Wt.  of  Specimen 

Before  Ignition  (gms.) 

2.0975 

1.6842 

1.5832 

Resin  Content  (%) 

22.5 

21.1 

21.3 

• 

|  Glass  Content  {%) 

1 _ — _ 

_ ZLi _ 

_ ZfL9 

78^7 _ 

Average  Resin  Content 

21  .6 

% 

Average  Glass  Content 

78.4 

% 

Average  F ilier  Content 

% 

N-5 


RESIN— GLASS  CONTENT 


P re 


customer:  Boeing  Vertol  Company 


Material: 
Specification: 
Condition: 
Burn-off  Temp: 
Specimen  Size: 


SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  2WS 

BMS  8-1 96A 

16  Hrs.  @  250°F 

1050°F 

1"  x  1" 


(0°) 


Specimen  No. 

16 

17 

18 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

19.8984 

20.3919 

20.2162 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.  I 

19.4516 

19.9202 

19.7052 

Ignition  Lois  (gms.) 

0.4468 

0.4717 

0.5110 

Wt.  of  Specimen 

Before  Ignition  (gms) 

1.6701 

1.6947 

1.7789 

Resin  Content  (%) 

26.8 

27.8 

28.7 

Glass  Content  (%) 

73.2 

72.2 

71.3 

Average  Resin  Content 

27.8 

% 

Average  Glass  Content 

72.2 

% 

Average  Filler  Content 

* 

Material'. 


Pre  Condition. 


RESIN-GLASS  CONTENT 


customer:  Boeing  Vertol  Company 


SP-250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  2ACTS  (0/90°) 


Specification:  BMS  8-1 96A 


16  Hrs.  9  250°P 


Burn-off  Temp:  1050°F 
Specimen  Size:  1 "  X  1 ' 


Specimen  No. 


Wt.  of  Crucible  &  Specimen 
Before  Ignition  <grrc.« 


Wt.  of  Crucible  &  Specimen 
After  Ignition  (gmt.1 


Ignition  Loss  (gms.) 


Wt.  of  Specimen 
Before  Ignition  (gms.) 


20.2133 


19.6115 


20.6575 


1  21.0743 


RESIN-GLASS  CONTENT 


customer:  Boeing  Vertol  Company 


Material:  SP-250-E-33  W-4  56,  Lot  7,  Jumbo  50,  Panel  4ACTS  (0/90°) 

Specification:  BMS  8-196A 


Pre  Condition:  16  Hrs.  @  250 °F 

Burn-off  Temp:  1050°F 
Specimen  Size:  1 "  X  1 " 


Specimen  No. 


Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 


Wt  of  Crucible  &  Specimen 
After  Ignition  (gms.) 


Ignition  Loss  (gms.) 


Wt.  of  Specimen 
Before  Ignition  (gms.) 


Resin  Content  (%) 


Glass  Content  (%) 


25 


20.9868 


20.5029 


0.4839 


2.2352 


21.6 


78.4 


26 


27 


21.0973 


20.4618 


0.6355 


2.2424 


28.3 


71.7 


19.8579 


19.3532 


0.5047 


2.0591 


24.5 


75.5 


Average  Resin  Content 

24.8 

% 

Average  Glass  Content 

75.2 

\ 

Average  Filler  Content 

\ 

N-8 


RESIN-GLASS  CONTENT 


CUSTOMER:  Boeing  Vertol  Company 


Material: 
Specification: 
Pre  Condition: 

Burn-off  Temp: 
Specimen  Size: 


SP-250-E-33  W-456 ,  Lot  7,  Jumbo  50,  Panel  2ACTS  (±45°) 

BMS  8-196A 

16  Hrs.  8  250°F 

1050°F 

1"  x  1" 


Specimen  No. 

19 

-  h 

20 

21 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

19.9396 

20.5594 

_  - — ^ 

20.8888 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

19.4829 

20.0019 

20.4062 

Ignition  Loss  (gms.) 

0.4567 

0.5575 

0.4826 

Wt.  of  Specimen 

Before  Ignition  (gmvl 

2.1605 

2.3032 

2.0764 

Resin  Content  (%) 

21.1 

24.2  23.2 

Glass  Content  (%) 

_ 

78.9 

_ 75.8  i _  7£,8_ 

Average  Resin  Content 

22.8 

% 

Average  Glass  Content 

77.2 

% 

Average  F  iller  Content 

% 

RESIN-GLASS  CONTENT 


customer:  Boeing  Vertol  Company 


Material: 
Specification: 
Pre  Condition: 


SP-250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  4ACTS  (±45°) 
BMS  8-1 96A 
16  Hrs.  8  2508F 


Burn-off  Temp:  1050°F 
Specimen  Siae:  1 "  X  1 " 


Specimen  No. 

22 

.  23 

- - - 

24 

Wt.  of  Crucible  &  Specimen 
Before  Ignition  (gms.) 

20.8087 

20.6912 

20.6079 

Wt.  of  Crucible  &  Specimen 
After  Ignition  (gms.) 

20.2599 

20.1024 

20.0319 

j  Ignition  Loss  (gms.) 

0.5488 

0.5888 

0.5760 

!  Wt.  of  Specimen 

j  Before  Ignition  (gms.) 

2.2851 

2.4505 

2.4058 

-  — j 

!  Resin  Content 

24.0 

o 

• 

^J* 

CN 

23.9 

Glass  Content  (%) 

76.0 

76.0 

76.1 

Average  Resin  Content 

24.0 

% 

Average  Glass  Content 

76.0 

% 

Average  F  iller  Content 

% 

N-10 


TENSILE  STRENGTH  (0°) 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456.  Lot  7.  Jumbo  50 


Specification:  BMS  8-1 96A 

Preconditioning:  30  Min.  @  180°F 
Test  Condition:  180°F 

Specimen  Type:  Figure  5 


Tensile  Strength  (SI  *  |jg- 
Modulus  of  Elasticity  (Et)  * 


Testing  Speed:  *  05  in./mm. 

S  ■  Ultimate  Tensile  Strength  in  PSl 
Sy  *  yield  strength  in  PSl 
Et  *  modulus  of  elasticity  in  PSl  *  10* 

P  «  break  load  in  lbs. 
b  *  specimen  width  in  inches 

d  *  specimen  thickness  in  inches 
V  *  strain  in  in./in. 


PANEL 

(NoJ 

4CTS 

ACTS 

4CTS 

4WS 

4WS 


Specimen 

S 

-  Sy 

P 

d 

b 

Et 

Elongation 

(no.l 

(PSII 

(PSII 

(lbs.) 

(in.) 

(in.) 

(psi  K  10*1 

(%> 

1 1 A 

99,950 

2330 

.047 

.496 

5.70 

mm 

110,200 

2600 

.047 

.502 

6.18 

13A 

98,140 

2360 

.048 

.501 

6.12 

14A 

127,490 

3020 

.047 

.504 

5.74 

15A 

123,500 

3050 

.049 

.504 

5.58 

Avg. 

111,860 

5.86 

NOTE:  Post-cured  16  Hrs.  @  250°F 


N-ll 


TENSILE  STRENGTH  (0°/90°) 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  SO  (Constant  Thick.  Section) 


Specification :  BMS  8-1 96A 

Pra Conditioning:  30  Min.  9  -65°F 
Test  Condition:  -65°  F 

specimen  Type  Figure  5 


Tamil*  Strength  (S)  - 
Modulut  of  Elasticity  (Etl  *  bd? 


Testing  Speed:  .05  in./min. 

S  *  Ultimate  Tensile  Strength  in  PSI 
Sy  -  yield  strength  in  PSI 
Et  -  modulus  of  elasticity  in  PSI  a  10* 

P  •  break  load  in  lbs. 
b  «  specimen  width  in  inches 

d  •  specimen  thickness  in  inches 
Y  »  strain  in  in./in. 


PANEL 

Specimen 

S 

Sy 

p 

d 

b 

Et 

Elongation 

IKOJ 

(no) 

(PSI  I 

(PSD 

(lbs.) 

(ia) 

(in.) 

(psi  x  10*1 

(%) 

4A 

1A 

88,200 

5850 

.066 

1.005 

4.66 

4A 

2A 

93,010 

6070 

.065 

1.004 

3.89 

2A 

3A 

91 ,080 

5630 

.062 

0.997 

3.99 

2A 

4A 

90,050 

5460 

.061 

0.994 

4.18 

2A 

5A 

89,160 

5500 

.062 

0.995 

4.50 

Avg. 

90,300 

4.24 

NOTE:  Post-cured  16  Hrs.  @  250° F 


N-12 


I 


TENSILE  STRENGTH  (+45°) 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50  (Constant  Thick.  Section) 

Specification:  BMS  8-196A 

Preconditioning:  40  Hrs./23°C/50*  R.H.  Tatting  Speed  _i05_ 

Test  Condition:  23°C/50%  R.H. 

Specimen T ype:  Figure  5 


Tensile  Strength  IS)  ■ 

Modulus  of  Elasticity  <Et)  « 


PANEL 

Specimen 

S 

iftoj. 

(no.) 

(PSII 

2A 

6A 

19,050 

2A 

7A 

17,870 

2A  j 

8A 

19,870 

4A 

9A 

21,640 

4A 

10A 

21 ,490 

Avg. 

19,980 

Post-cured  16  Mrs.  9  250°F 


in./mm. 


S  *  Ultimate  Tensile  Strength  in  PSI 
Sy  •  yield  strength  in  PSI 
Et  *  modulus  of  elasticity  in  PSI  *  10* 
P  *  break  load  in  lbs. 
b  «  specimen  width  in  inches 

d  *  specimen  thickness  in  inches 
Y  »  strain  in  in./in. 


libs.) 

(in.) 

(in.) 

1205 

.063 

1.004 

1128 

.063 

1.002 

1262 

.063 

1.008 

1512 

.070 

0.998 

1516 

.070 

1.008 

Et 

(pei  x  10*1 


Elongation 

(%) 


•  \  >  ■■j-iSSK* 


*.*Mr*S> 


SHORT  BEAM  SHEAR 
CONTROL 


CUSTOMER: 

Materia*. 


Boeing  Vertol  Company 

SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  5  Wedge  Section 


Specification:  BMS  8-1 96A 
Pre  Condition:  30  Min.  @  -65°F 

Test  Temp:  -65°F  Re*-  Humid. 


— -  % 


Test  Speed:  .  05  in., 'Min. 

L/d  ratio:  5/1  N  1/8„ 
Specimen  7/8„  LoadPoint,RKfiusSupport/1/16„ 


Specimen 

(No.) 

Thick  ness-d 
(in.) 

Width-b 

(in.) 

Break  Load 
(lbs.)  -  P 

Shear  Strength:  S*  ^  PSI  Span:  .500" 

■1 

.102  !  .247 

385.5 

11,480 

Code: 

106 

wm 

HT’U 

423.5 

12.430 

109 

: .  91 

wm 

342.0 

9.670 

4 

i 

_ 

Avg.  S  *  11,190  PSI  | 

NOTE:  Post-cured  16  Hrs.  @  250°F 


Specimen 

(No.) 


Thick  neu-d 
(in.) 


Width-b 

(in.) 


Break  Load 
(lbs.)  -P 


Shear  Strength : 


s-fe  rei 


Span: 


Code: 


Avg.  S  ■ 


PSI 


I 


SHORT  BEAM  SHEAR 

OIL  SOAK  * 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  VM56,  Lot  7,  Jumbo  50,  Panel  No.  5A  Wedge  Section 

Specification:  BMS  8-196A 

Pre  Condition:  30  Min.  @  -65°F  Te*t  Speed:  .05  in. /Min. 

L/d  ratio:  5/1 

Test  Temp:  .65°P  Rel.  Humid.  ...  %  Specimen  Size:  Load  Points  Radius:  NOSe  1/8 

_ _ _ _ _ 1/4"  x  7/8" _ Supports  1/16 


Specimen 

(No.) 

Thickness-d  Width-b 

(in.)  (in.) 

Break  Load 
(lbs.)  •  P 

Shear  Strength.  S=  ^  PS!  Span:  .500" 

92 

.101  .249 

439.5 

13,110 

*  Immersed  7  days  in  MIL-H-83282 
Hydraulic  Fluid  @  160°F,  Removed  and 
mek  wiped. 

Code: 

VO 

CD 

.102  j  .249 

431.5 

12.740 

99 

.107  1  .249 

489.5 

13.780 

i 

» 

_ i _ 

AvgS-  13,210  PS'  j 

NOTE:  Post-cured  16  Hrs.  @  250°F 


Thickness-d 

(in.) 

Width-b 

(in.) 

Break  Load 
(lbs.)  -P 

Shear  Strength:  S  *  PSI  Span: 

1 

Code: 

2 

3 

4 

5 

Avg.  S  =  PSI 

N-15 


SHORT  BEAM  SHEAR 
OIL  SOAK  * 


CUSTOMER: 

Material: 


Boeing  Vertol  Company 


SP250-E-33  W-456,  Lot  7,  Jumbo  50.  Panel  No.  5  Wedge  Section 


Specification:  BMS  8-1 96A 
Condition: 


Immersed  7  days  in  MiL-H-83282  Hydraulic 
Fluid  @  160°F,  Removed  &  Mek  wip^j. 


Test  Speed: 
L/d  ratio: 


.05 

5/1 


in./Min. 


Specimen 

(No.) 

Break  Load 
(lbs.)  -  P 

**  30 

Shear  Strength :  S*  jjgjj  PSI  Span:  .500M 

105 

.103 

.247 

367.0 

10,820 

Code: 

■9 

.102 

.249 

329.0 

111 

.107 

.247 

314.5 

8s,  920 

4 

'  .1 

_ 

Avg.  S  *  9,820  PSI  j 

- 1 

NOTE:  Post-cured  16  Hrs.  @  250°F 


SHORT  BEAM  SHEAR 
MATER  BOIL  * 


Customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  3A  Wedge  Section 

Specification:  BMS  8-196A 

in.  Min. 


*  Condition: 


2  Hrs.  in  Boiling  Distilled  Water 
cC  Rel.  Humid.  50  % 


Test  Speed: 
L  d  ratio: 


.05 

5/1 


Specimen 

(No.) 

Thickness-d  i  Width-b 
(in.)  (in.) 

Break  Load 
(lbs.)  P 

Shear  Strength :  S  =  PSI  Span:  .500" 

100 

.098  .249 

284.0 

8730 

101 

.098  :  .249 

289.0 

"  ”  - 1 

8880  ! 

102 

O 

to 

00 

• 

ro 

4* 

00 

284.5 

8780 

4 

i 

Code: 

9 

! 

! 

|  Avg.  S  =  8800  PSI  , 

NOTE:  Post-cured  16  Hrs.  @  250°F 


Specimen 

(No.) 

Thickness-d 

(in.) 

Width-b 

(in.) 

Break  Load 

(lbs.)  •  P 

Shear  Strength:  S=  PSI  Span: 

1 

Code: 

1 - 1 

2 

3 

_  _J 

4 

5 


Avg.  S  » 


PSI 


SHORT  BEAM  SHEAR 
MATER  BOIL  * 


customer:  Boeing  Vertol  Company 

Material:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.  5  Wedge  Section 

Specification:  BMS  8-1 96A 


Pre  Condition: 


30  Min.  @  180°F 


Test  Temp:  180°F  Rel.  Humid.  %  Specimen  Size: 


Test  Speed:  .05  in./Min. 

L/d  ratio:  5/1 

Load  Points  Radius:  Nose  1/8" 


Specimen 

(No.) 

Thick  ness-d 
(in.) 

Width-b 

(in.) 

Break  Load 

(lbs.)  -  P 

Shear  Strength:  S=  PSI  Span:  .500" 

104 

205.0 

5990 

*  2  Hrs.  in  Boiling  Distilled  Water 

Code: 

107 

207.5 

6060 

110 

.107 

.248 

179.0 

5060 

4 

l 

Avg.  S  =  5700  PSI  | 

NOTE:  Post-cured  16  Hrs.  @  250° F 


Specimen 

(No.) 

Thickness-d 

(in.) 

Width-b 

(in.) 

Break  Load 

(lbs.)  •  P 

Shear  Strength :  S-  PSI  Span: 

_ 

1 

Code: 

2 

3 

4 

S 

|  Avg.  S  =  PSI 

5 

* 

4 


N-18 


it  iMfinn  i  ii 


FLEXURAL  STRENGTH 
MATER  BOIL  * 


customer:  Boeing  Vertol  Company 

Maiarisi:  SP250-E-33  W-456,  Lot  7,  Jumbo  50,  Panel  No.3CT^upp0ftr#djuf.  -j^gM 

Specification:  BMS  8-196A  Note  radius:  1/8" 

Twt 

k  Pre Conditioning:  2  Hrs.  in  Boiling  Distilled  Water  „ 

3  Speed;  .04  in./ 

Test  Condition:  30  Min.  9  180°F,  tested  @  180°F  Specimen  length:  4" 

Span  (LI  1.5  L/d  Ratio:  17/1 


in./min 


Flexural  Strength  (SI  * 

Modulus  of  Elasticity  (Eg)  « 


S  *  flexural  strength  in  psi 

Egc  Modulus  of  elasticity  in  psi  x  10* 

P  *  Break  load  in  lbs. 
b  ■  specimen  width  in  inches 
d  *  depth  of  beam  in  inches 
L  *  span  in  inches 

m  •  initial  slope  of  load-deflection  curve 
in  lbs.  /in. 


Specimen 

(No.) 

S 

(psi) 

d 

(in.) 

— 

(in.) 

P 

(lbs.) 

m 

Obi /in.) 

eb 

(psi  x  10*) 

97 

132,650 

.092 

1.011 

504.5 

4348 

4.66 

98 

134,290 

.089 

1.009 

477.0 

4152 

4.93 

99 

HS&9H 

.086 

1.008 

387.0 

3738 

4.92 

127,910 


NOTE:  Post-Cured  16  Hrs.  9  250°F 
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)ies 

To 

Commander,  U.S.  Army  Aviation  Research  and  Development  Command,  P.O.  Box  209, 
St.  Louis,  Missouri  63166 
10  ATTN:  DRDAV-EGX 
1  DRDAV-D 

1  DRDAV-N 

Project  Manager,  Advanced  Attack  Helicopter,  P.O.  Box  209, 

St.  Louis,  Missouri  63166 

2  ATTN:  DRCPM-AAH-TM 

1  DRCPM-AAH-TP 

Project  Manager,  Black  Hawk,  P.O.  Box  209,  St.  Louis,  Missouri  63166 

2  ATTN:  DRCPM-BH-T 

Project  Manager,  CH-47  Modernization,  P»0.  Box  209,  St.  Louis,  Missouri  63166 
2  ATTN:  DRCPM-CH-47-MT 

Project  Manager,  Aircraft  Survivability  Equipment,  P.O.  Box  209, 

St.  Louis,  Missouri  63166 
2  ATTN:  DRCPM-ASE-TM 

Project  Manager,  Cobra,  P.O.  Box  209,  St.  Louis,  Missouri  63166 
2  ATTN:  DRCPM-CO-T 

Project  Manager,  Advanced  Scout  Helicopter,  P.O.  Box  209, 

St.  Louis,  Missouri  63166 
2  ATTN:  DRCPM-ASH 

Project  Manager,  Navigation/Control  Systems,  Fort  Monmouth,  New  Jersey  07703 
2  ATTN:  DRCPM-NC-TM 

Project  Manager,  Tactical  Airborne  Remotely  Piloted  Vehicle/Drone  Systems, 

P.O.  Box  209,  St.  Louis,  Missouri  63166 
2  ATTN:  DRCPM-RPV 

Commander,  U.S.  Army  Materiel  Development  and  Readiness  Command, 

5001  Eisenhower  Avenue,  Alexandria,  Virginia  22333 
1  ATTN:  DRCMT 
1  DRCPM 

Director,  Applied  Technology  Laboratory,  Research  and  Technology 
Laboratories  (AVRADC0M),  Fort  Eustis,  Virginia  23604 
1  ATTN:  DAVDL-ATL-ATS 

Director,  Research  and  Technology  Laboratories  (AVRADCOM),  Moffett  Field, 
California  94035 
1  ATTN:  DAVDL-AL-D 


No.  of 
Copies 


To 


Director,  Langley  Directorate,  U.S.  Arm/  Air  Mobility  Research  and 
Development  Laboratories  (AVRADCOMJ,  Hampton,  Virginia  2336S 
1  ATTN:  DAVDl-LA,  Mail  Stop  266 

Commander,  U.S.  Army  Avionics  Research  and  Development  Activity, 

Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DAVAA-0 

Director,  Lewis  Directorate,  U.S.  Army  Air  Mobility  Research  and 
Development  Laboratories,  21000  Brookpark  Road,  Cleveland,  Ohio  44135 

1  ATTN:  DAVDL-LE 

Director,  U.S.  Army  Materials  and  Mechanics  Research  Center 
Watertown,  Massachusetts  02172 

2  ATTN:  DRXMR-PL 

1  DRXMR-PR 

1  DRXMR-PD 

1  DRXMR-AP 

1  DRXMR-PMT 

8  DRXMR-RC,  Mr.  B.  Halpin 

Director,  U.S.  Army  Industrial  Base  Engineering  Activity, 

Rock  Island  Arsenal,  Rock  Island,  Illinois  61299 

2  ATTN:  DRXIB-MT 

Commander,  U.S.  Army  Troop  Support  and  Aviation  Materiel  Readiness  Command, 
4300  Goodfellow  Boulevard,  St.  Louis,  Missouri  63120 
1  ATTN:  DRSTS-PLC 
1  DRSTS-ME 

1  DRSTS-DIL 

Office  of  the  Under  Secretary  of  Defense  for  Research  and  Engineering, 

The  Pentagon,  Washington,  D.C.  20301  N 

1  ATTN:  Dr.  L.  L.  Lehn,  Room  3D  1079 

12  Commander,  Defense  Technical  Information  Center,  Cameron  Station, 
Alexandria,  Virginia  22314 

Defense  Industrial  Resources  Office,  DIRS0,  Dwyer  Building,  Cameron  Station 
Alexandria,  Virginia  22314 
1  ATTN:  Mr.  C.  P.  Downer 

Headquarters,  Department  of  the  Army,  Washington,  D.C.  20310 
1  ATTN:  DAMA-CSS,  Dr.  J.  Bryant 

1  DAMA-PPP,  Mr.  R.  Vawter 

Director,  Defense  Advanced  Research  Projects  Agency,  1400  Wilson  Boulevard, 
Arlington,  Virginia  22209 
1  ATTN:  Dr.  A.  Bement 
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Copies  To 


Commander,  U.S.  Army  Missile  Command,  Redstone  Arsenal,  Alabama  35809 
1  ATTN:  DRSMI-ET 

1  DRSMI-RBLD,  Redstone  Scientific  Information  Center 

1  DRSMI-NSS 

Commander,  U.S.  Army  Tank-Automotive  Research  and  Development  Command, 
Warren,  Michigan  48090 
1  ATTN:  DRDTA-R 

1  DRDTA-RCKM,  Dr.  J.  Chevalier 

1  Technical  Library 

Commander,  U.S.  Army  Tank-Automotive  Materiel  Readiness  Command, 

Warren,  Michigan  48090 
1  ATTN:  DRSTA-EB 

Commander,  U.S.  Army  Armament  Research  and  Development  Command, 

Dover,  New  Jersey  07801 
1  ATTN:  DRDAR-PML 
1  Technical  Library 

1  Mr.  Harry  E.  Pebly,  Jr.,  PLASTEC,  Director 

Commander,  U.S.  Army  Armament  Research  and  Development  Command, 
Watervliet,  New  York  12189 
1  ATTN:  DRDAR-LCB-S 
1  SARWV-PPI 

Commander,  U.S.  Army  Armament  Materiel  Readiness  Command, 

Rock  Island,  Illinois  61299 
1  ATTN:  DRSAR-IRB 
1  DRSAR-IMC 

1  Technical  Library 

Commander,  U.S.  Army  Foreign  Science  and  Technology  Center, 

220  7th  Street,  N.E.,  Charlottesville,  Virginia  22901 
1  ATTN:  DRXST-SD3 

Commander,  U.S.  Army  Electronics  Research  and  Development  Command, 

Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DELET-DS 

Commander,  U.S.  Army  Electronics  Research  and  Development  Command, 

2800  Powder  Mill  Road,  Adelphi,  Maryland  20783 
1  ATTN:  DRDEL-BC 

Commander,  U.S.  Army  Depot  Systems  Command,  Chambersburg, 

Pennsylvania  17201 
1  ATTN:  DRSDS-PMI 

Commander,  U.S.  Army  Test  and  Evaluation  Command,  Aberdeen  Proving  Ground, 
Maryland  21005 
1  ATTN:  DRSTE-ME 


C 


Commander,  U.S.  Army  Communications  and  Electronics  Materiel  Readiness 
Command,  Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DRSEL-LE-R 

Commander,  U.S.  Any  Communications  Research  and  Development  Command, 

Fort  Monmouth,  New  Jersey  07703 
1  ATTN:  DRDCO-PPA-TP 

Director,  U.S.  Any  Ballistic  Research  Laboratory,  Aberdeen  Proving  Ground, 
Maryland  2100S 
1  ATTN:  DRDAR-TSB-S  (STINFO) 

% 

Chief  of  Naval  Research,  Arlington,  Virginia  22217 
1  ATTN:  Code  472 

Headquarters,  Naval  Material  Command,  Washington,  D.C.  20360 
1  ATTN:  Code  MAT-042M 

Headquarters,  Naval  Air  Systems  Command,  Washington,  D.C.  20361 
1  ATTN:  Code  S203 

Headquarters,  Naval  Sea  Systems  Command,  1941  Jefferson  Davis  Highway, 
Arlington,  Virginia  22376 
1  ATTN:  Code  035 

Headquarters,  Naval  Electronics  Systems  Command,  Washington,  D.C.  20360 
1  ATTN:  Code  504 

Director,  Naval  Material  Command,  Industrial  Resources  Detachment, 

Building  75-2,  Naval  Base,  Philadelphia,  Pennsylvania  19112 
1  ATTN:  Technical  Director 

Commander,  U.S.  Air  Force  Wright  Aeronautical  Laboratories,  Wright-Patterson 
Air  Force  Base,  Ohio  45433 
1  ATTN:  AFWAL/MLTN 

1  AFWAL/MLTM 

1  AFWAL/MLTE 

1  AFWAL/MLTC 

National  Aeronautics  and  Space  Administration,  Washington,  D.C.  20546 
1  ATTN:  AFSS-AD,  Office  of  Scientific  and  Technical  Information 

National  Aeronautics  and  Space  Administration,  Marshall  Space  Flight 
Center,  Mintsville,  Alabama  3S812 
1  ATTN:  R.  J.  Schwinghammer,  EH01,  Dir.,  MftP  Lab 

1  Mr.  W.  A.  Wilson,  EH41,  Bldg.  4612 

1  Metals  and  Ceramics  Information  Center,  Battelle  Columbus  Laboratories, 

505  Xing  Avenue,  Columbus,  Ohio  43201 
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To 


Hughes  Helicopters-Sumraa,  M/S  T-419,  Centinella  Avenue  and  Teale  Street, 
Culver  City,  California  90230 
1  ATTN:  Mr.  R.  E.  Moore,  Bldg.  314 

Sikorsky  Aircraft  Division,  United  Aircraft  Corporation,  Stratford, 
Connecticut  06497 

1  ATTN:  Mr.  Melvin  M.  Schwartz,  Chief,  Manufacturing  Technology 

Bell  Helicopter  Textron,  Division  of  Textron,  Inc.,  P.0.  Box  482, 

Fort  Worth,  Texas  76101 

1  ATTN:  Mr.  P.  Baumgartner,  Chief,  Manufacturing  Technology 
1  Mr.  Robert  Phinney;  Rotor  Design  Group 

Kaman  Aerospace  Corporation,  Bloomfield,  Connecticut  06002 
1  ATTN:  Mr.  A.  S.  Falcone,  Chief,  Materials  Engineering 

Boeing  Vertol  Company,  Box  16858,  Philadelphia,  Pennsylvania  19142 
1  ATTN:  R.  Pinckney,  Manufacturing  Technology 
1  R.  Drago,  Advanced  Drive  Systems  Technology 

Detroit  Diesel  Allison  Division,  General  Motors  Corporation,  P.0.  Box  894, 
Indianapolis,  Indiana  46206 
1  ATTN:  James  E.  Knott,  General  Manager  ^ 

General  Electric  Company,  10449  St.  Charles  Rock  Road,  St.  Ann, 

Missouri  63074 
1  ATTN:  Mr.  H.  Franzen 

AVCO- Lycoming  Corporation,  550  South  Main  Street,  Stratford, 

Connecticut  08497 

1  ATTN:  Mr.  V.  Strautman,  Manager,  Process  Technology  Laboratory 

United  Technologies  Corporation,  Pratt  8  Whitney  Aircraft  Division, 
Manufacturing  Research  and  Development,  East  Hartford,  Connecticut  06108 
1  ATTN:  Mr.  Ray  Traynor 

Grumman  Aerospace  Corporation,  Plant  2,  Bethpage,  New  York  11714 
1  ATTN:  Richard  Cyphers,  Manager,  Manufacturing  Technology 
1  Albert  Grenci,  Manufacturing  Engineer,  Department  231 

Lockheed  Missiles  and  Space  Company,  Inc.,  Manufacturing  Research, 

1111  Lockheed  Way,  Sunnyvale,  California  94088 
1  ATTN:  H.  Dorfman,  Research  Specialist 

Lockheed  Missiles  and  Space  Company,  Inc.,  P.0.  Box  504,  Sunnyvale, 
California  94086 

1  ATTN:  D.  M.  Schwartz,  Dept.  55-10,  Bldg.  572 

Barry  Controls,  700  Pleasant  Street,  Watertown,  Massachusetts  02172 
1  ATTN:  R.  R.  Peterson,  Technical  Director 

E 


